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GENERAL INTRODUCTION 
Maize breeders with a final goal of developing hybrids with superior performance are 
continually in search of source germplasm from which to derive desirable inbred lines. 
Oftentimes this source germplasm may be derived from population improvement programs 
whose ultimate goal is to provide a source of enhanced germplasm for development of such 
desirable inbred lines. Recurrent selection techniques have been utilized by maize breeders 
for population improvement to aid in opportunities for germplasm enhancement. The choice 
of recurrent selection method to use in any given population is not trivial and can impact the 
ultimate response obtained. Responses for %'arious recurrent selection methods have been 
reported by many authors and most have realized at least some response to selection. The 
ideal would be to utilize the most efficient method and maximize chances of obtaining lines 
with superior performance. However, many previous comparisons of recurrent selection 
responses have often been confounded by factors, such as different populations undergoing 
selection, different effective population sizes, different selection intensities, etc. Additional 
empirical information is needed for comparing among selection techniques in the same 
population. The studies described herein were designed to compare responses to multiple 
recurrent selection methods with the same base population. The first experiment describes 
the comparison of responses to seven methods of recurrent selection all within the same base 
population. Chapter two addresses the effects of varying effective population sizes on the 
responses to selection. The final portion of this study evaluates the genetic effects associated 
with the responses to selection for ail studied selection programs and evaluates the impact of 
genetic drift on those populations. 
Dissertation Organization 
This dissertation is written as three papers corresponding to the objectives as 
described above. The papers are preceded by a general introduction section, including a brief 
general literature review, and followed by a general conclusion section. References cited in 
the general introduction and general conclusion follow the general conclusion. .\n appendix 
section containing supplemental information for each chapter is also given at the end of this 
dissertation. 
Literature review 
Recurrent selection methods and responses to selection have been extensively 
reviewed by various authors (Hallauer, 1985; 1992). The intent of this brief literature review-
will not be to provide a comprehensive review of such techniques and responses to selection. 
Instead, the purpose of this review will be to provide some background information as to the 
importance and rationale for conducting the experiments described in the following chapters. 
Recurrent selection methods have been utilized for numerous years for the 
improvement of maize populations. Recurrent selection is a cyclical process which, except 
for mass selection, involves three main steps: development of progenies, progeny evaluation, 
and recombination of selected individuals. Although most recurrent selection techniques 
involve these same three basic steps, they may vary in many other aspects such as; type of 
progeny ( e.g., S,, S,, half-sib etc.), number of selected individuals intermated (e.g., 5, 10, 20. 
30 etc.), parental control ( 1/2, 1), or other characteristics. The two biggest factors impacting 
responses being the types of progenies evaluated and the number of progenies recombined 
(effective population size) for continued selection. 
Types of Progenies 
In maize (Zea mays L.) there are numerous tvpes of progenies available for evaluation 
and recombination in recurrent selection programs. These can be broken down into three 
broad categories and classified as selection on an individual plant, family, or on a progeny 
basis. Individual plant selection is generally referred to as recurrent phenotypic selection or 
more commonly known as mass selection. .Methods previously described involving family 
selection include selection of families based on half-sibs or full-sibs within one population 
(intrapopulation), or on each of these family types in reciprocal populations (interpopulation). 
Selection methods involving progenies for selection have often involved selection of S, or S, 
progenies per se or in testcrosses to appropriate testers. The groups and selection methods 
under study in this report of BSll include: individual plants, mass; family selection, half-sib 
with an inbred tester, intrapopulation full-sib, reciprocal full-sib, modified ear-to-row; and 
progeny selection, S, and S.-progenies. 
Each of these types of selection methods have been previously shown to be effective 
for maize population improvement (Sprague and Eberhart, 1977; Darrah, 1986; Hallauer et 
al., 1988; Hallauer and Miranda, 1988) as well as other crop species (Hallauer, 1981; 1985). 
In maize population improvement, grain yield has historically been the most important trait 
and hence the most heavily selected. Previous estimates for grain yield improvement indicate 
that one can expect to find a 2-4% increase per cycle in grain yield for different methods of 
selection in different populations, the same methods in different populations, or different 
methods in the same population depending on the type of method used for selection 
(CIMMYT, 1981; Darrah, 1986; Hallauer and Miranda, 1988). Sprague and Eberhart (1977) 
summarized results of several different population improvement programs involving different 
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populations and selection methods. They found an average gain cycle"' for grain yield of 2.0. 
3.1. 3.4. 3.8, and 4.6% cycle ' for S.-progeny. full-sib. mass, ear-to-row. and S,-progeny 
selection, respectively. Eyherabide and Hallauer (1991) reported a 6.5% cycle"' increase in 
grain yield for the population cross in a reciprocal full-sib selection program between BSIO 
(formerly "Iowa Two-ear Synthetic') and BSl 1 (formerly 'Pioneer Two-ear Composite'). 
Keeratinijakal and Lamkey (1993) also reported a 7.0% cycle"' increase in grain yield in the 
population cross berween 'Iowa Stiff Stalk Synthetic' (BSSS) and 'Iowa Com Borer 
Synthetic No. 1' (BSCBl). Lamkey (1992) reported that seven cycles of half-sib selection in 
BSSS increased grain yield 3.9% cycle"' whereas six cycles of S.-progeny selection following 
the seven cycles of half-sib selection gave no response 
Effective Population Size 
The number of individuals recombined in the recurrent selection program, along with 
the breeding structure of the population, directly impacts the effective population size. The 
effective size of a population of individuals was described in Falconer and Mackay (1996) as 
"the number of individuals that would give rise to the calculated sampling variance, or rate of 
inbreeding, if they bred in the manner of the idealized population." Or. as described by 
Kimura and Crow (1963), the effective population size is "the number in an idealized 
population in which each individual has an equal number of expected progeny." In this 
maimer, the effective population size is directly related to the true population size and the 
breeding structure of the individuals. The concepts and consequences of effective population 
size have been previously discussed (Robertson, I960; Baker and Cumow, 1969; Vencovsky, 
1978; Enfield, 1980). With finite population sizes, the danger exists that an allele might 
become fixed in a population by chance even though there was a more desirable allele present 
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in the population (Robertson. 1960). Problems associated with finite population sizes, such 
as the fixation of undesirable alleles due to random genetic drift, have been demonstrated 
theoretically and empirically to affect response to selection and ultimately, the limit to 
selection response (Robertson, I960; Frankham et al.. 1968; Baker and Cumow. 1969; 
Enfield. 1980). The key for the plant breeder is to use an appropriate population size that 
will maximize both short- and long-term responses. The balance would be to recombine few 
enough individuals that a reasonable response could be expected in the shon-term. but not 
too few that a sharp decrease in genetic variance would compromise long-term genetic 
progress. Also, if too few individuals were intermated, the forces changing allele frequency 
would be primarily random genetic drift rather than selection. 
Traditionally maize breeders have recombined between 10 and 25 individuals in 
recurrent selection programs. In recurrent selection programs where only 10 lines were 
recombined, random genetic drift has been shown to be a significant factor in limiting the 
response to selection (Smith, 1983, 1984; Helms et al., 1989). However, even in recurrent 
selection programs where drift has been shown to be an important factor, significant progress 
has been made without exhausting genetic variance (Holthaus and Lamkey, 1995; Labate et 
al., 1997). Garay et al. (1996) reported on recurrent selection experiments where 10 lines 
were recombined and reported that drift was not a significant factor. Rawlings (1979) 
suggested that an effective population size of 30 would be reasonably adequate for most 
genetic systems to achieve a balance between short- and long-term goals and that 
maintenance of genetic variation should only be a concern if it does not compromise response 
to selection. Baker and Cumow (1969) suggested that recombining at least 16 individuals 
would not result in selection limitations in less than 30 generations, while there was no point 
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in using more than 16 individuals when shon-term genetic progress was the main concern. 
Frankham et al. (1968), however, found that larger population sizes gave more response to 
selection and warned that the effects of finite population size should not be ignored even in 
the short term. Hallauer (1992), after reviewing literature on effective population sizes, 
suggested that approximately 25 to 35 progenies should be intermated for maize recurrent 
selection programs. 
Comparisons of different effective population sizes in selection programs have been 
made for Tribolium (Enfield. 1980), Brassica (Lascoux et al.. 1994), Drosophila (Frankham 
et al.. 1968) and maize (Darrah. 1986). Additional information comparing response to 
selection conducted by using a range of effective population sizes in maize is needed. Much 
of the previously described work has been theoretical in nature and empirical comparisons in 
maize are needed. 
Contributions of Recurrent Selection 
Although recurrent selection methods have not caught on greatly in the private 
breeding industry', they have made large contributions to the hybrid seed com industry. Such 
selection methods can contribute directly and indirectly to the genetic improvement of 
hybrids in the U. S. Com Belt. Newly released lines can be used directly as parental seed 
stocks to produce hybrids or indirectly in pedigree selection programs to produce recycled 
lines. Hallauer et al. (1983) evaluated crosses of B14, B37, B73, and B84 to Mol7 tester and 
found that the yield improvement firom B14 to B84 (all firom Stiff Stalk Synthetic) was 
30.8%. These inbreds along with other publicly released inbreds developed from recurrent 
selection programs have contributed substantially to the hybrid com industry. 
These improvements brought about by recurrent selection have ri\ aled those made by 
the more traditional pedigree method of breeding. Duvick (1977) reported comparisons for 
relative rates of genetic gain for yield by three recurrent selection methods in five populations 
as well as two pedigree selection studies. He concluded that the average rates of gain were 
the same for the two distinctly different breeding methods. The average rate of gain for his 
study was 0.71 q ha"' year ' for the recurrent selection experiments versus 0.68 q ha ' year' 
for the pedigree selection experiments assuming 13.3 years per cycle of pedigree selection 
and three years per cycle of recurrent selection. 
Although several summaries of response to selection (including those previously 
mentioned) have been completed for maize, comparisons of effectiveness of selection have 
been difficult because different methods were used in different populations for the same 
traits, the same methods were used in different populations for the same traits, or the same 
methods were used in the same populations for different traits. Differences in effective 
population sizes also have confounded the comparisons among many previously reported 
responses to selection. Additional empirical data comparing responses to multiple recurrent 
selection methods in the same population are greatly needed. More empirical information on 
the impact of different effective population sizes in maize recurrent selection programs is 
needed as well. Recurrent selection methods will not be as widely accepted by applied maize 
breeders unless it can be demonstrated that the methods can contribute to the development of 
new lines and hybrids. Hence, it is necessary to determine the most efficient and effective 
methods of recurrent selection that will contribute to both the short-term and long-term goal 
of breeding programs. 
s 
Integration of recurrent selection methods with the classical com breeding methods will 
ensure systematic genetic improvement of germplasm sources for line and hybrid 
development. 
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Abstract 
Recurrent selection methods have been effectively used by maize (Zea mays L.) 
breeders to improve the performance of maize populations for quantitatively inherited trails. 
Although theoretical comparisons of such methods can be easily made, direct comparisons of 
the efficiencies of methods are time consuming and laborious. Because of these limitations, 
empirical data comparing multiple recurrent selection methods in the same base population 
are lacking for maize. Our study was designed to compare the response to selection for seven 
different (six intra- and one inter-population) methods in the BSll maize population. 
minimum of four cycles of selection were conducted for each of the following methods: 
mass, modified ear-to-row. half-sib with inbred tester, full-sib, S^-progeny, S,-progeny, and 
reciprocal full-sib selection. Selections for all programs except mass and reciprocal full-sib 
were based on an index composed of grain yield, grain moisture, stalk lodging, and root 
lodging. Each trait in the selection index was weighted by its heritability. The populations 
per se, populations selfed, and testcrosses of the populations to the Cycle 0 population and to 
inbred B79 were evaluated in our study. Response to selection was measured for grain yield, 
grain moisture, stalk lodging, and root lodging along with other agronomic traits. All 
selection methods were successful in significantly improving the population per se 
performance for grain yield. S,-progeny selection had the greatest response for grain yield of 
4.5% cycle"' and mass selection had the lowest response (0.6 % cycle"'). All selection 
programs in which index selection was practiced, except for modified ear-to-row, were 
successful in improving the populations per se for ail four traits simultaneously. Unlike some 
previous studies, inbred-progeny selection methods (S,, S,) performed well in BSl 1 in 
comparison with other selection methods. 
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Introduction 
Recurrent selection methods have been used to improve the performance of maize 
populations for quantitatively inherited traits. Recurrent selection is a cyclical process, which 
except for mass selection, includes three phases: development of progenies, progeny 
evaluation, and recombination of selected families or progenies. Although most recurrent 
selection methods include the three phases, they vary in tvpes of progenies evaluated ( i.e.. 
inbred, full-sib. half-sib. etc.); number of progenies evaluated; number of selected families 
(i.e., 5. 10. 20. 30. etc.); parental control; and the type of progenies intermated. It is this 
flexibility in the different types of methods and different parameters that has led to the 
utilization of a wide range of recurrent selection methods for population improvement with 
an equally wide range of responses. Even with the diversity of recurrent selection methods, 
two goals remain common throughout: increasing the mean performance of the population 
and maintaining the genetic variability in the population to facilitate long-term selection. The 
focus of our study was to improve the mean performance of a single population with respect 
to four important agronomic traits via seven different recurrent selection methods. 
Grain yield has historically been the most important trait and the trait most frequently 
used for selection in maize population improvement. Recurrent selection methods have not 
been widely adopted by maize breeders, although they have been effective for increasing 
grain yield (Sprague and Eberhan, 1977; Darrah et al., 1978; Darrah, 1986; Hallauer et al., 
1988; Hallauer and Miranda, 1988). Previous estimates for grain yield improvement indicate 
that, for different methods of selection in different populations, for the same method in 
different populations, and for different methods in the same population, one can expect a 2 to 
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7°o increase per cycle in grain yield, depending on the germplasm and selection method 
(CIMMYT. 1981; Darrah. 1986; Hallauer and Miranda, 1988). 
Sprague and Eberhart (1977) summarized results of sev^eral different population 
improvement programs involving different populations and selection methods. They found 
an average gain cycle ' for grain yield of 2.0. 3.1. 3.4. 3.8. and 4.6% cycle ' for S.-progeny. 
full-sib. mass, ear-to-row. and S,-progeny selection, respectively. Eyherabide and Hallauer 
(1991) reported a 6.5% cycle ' increase in grain yield for the population cross in a reciprocal 
full-sib selection program between BSIO (formerly 'Iowa Two-ear Synthetic') and BSl 1 
(formerly "Pioneer Two-ear Composite'). Keeratinijakal and Lamkey (1993) also reported a 
7.0% cycle"' increase in grain yield in the population cross between Towa Stiff Stalk 
Synthetic' (BSSS) and 'Iowa Com Borer Synthetic No. 1' (BSCBl). Lamkey (1992) 
reported that seven cycles of half-sib selection in BSSS increased grain yield 3.9% cycle ' 
whereas six cycles of S;.-progeny selection following the seven cycles of half-sib selection 
gave no response. 
The evidence indicates that recurrent selection methods are effective for improving 
maize population performance, but it is not clear which of the recurrent selection methods are 
the most efficient. Several summaries of response to selection have been completed for 
maize, although comparisons of the effectiveness of selection methods have been difficult 
because, in many instances, different selection methods were used in different populations for 
the same traits; the same method was used in different populations for the same traits; or the 
same method was used in the same population but for different traits. The ideal comparison 
of selection methods would involve selection for the same traits by using different selection 
methods in a common base population. These types of data, however, are lacking in maize. 
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The objectives of our research were i) to compare responses to selection for six intra- and one 
inter-population recurrent selection methods including full-sib (FS), half-sib with an inbred 
tester (HI), modified ear-to-row (MER), mass. S,-progeny. S.-progeny. and reciprocal full-sib 
(FR) in one base population and ii) to determine the most effective and efficient method for 
improving the genetic potential of maize germplasm. 
Materials and Methods 
Genetic Material Development 
The BSl I population, originally designated as Pioneer Two-ear Composite, was 
developed by W. L. BrowTi at Pioneer Hi-Bred Int'l. Inc. It is a genetically broad-based 
population developed by crossing southern prolific germplasm with U. S. Com Belt lines 
(Hallauer. 1967). Because of prior selection for prolificacy and adaptability, BSll is adapted 
to the central Com Belt and has potential as a useful source population from which to derive 
desirable inbred lines. The BS11 population was chosen for the selection methods study 
because it is a diverse population and should have adequate additive genetic variance for 
selection response. 
Although winter nurseries were utilized where applicable for selfing or recombination 
to reduce cycle times, all progeny evaluation trials for each selection method were conducted 
in central and southem Iowa, the intended area of use for this germplasm. A minimum of 
four and in most instances five cycles of selection were completed for each selection method. 
Selection of progenies from replicated yield trials for recombination in FS, MER, HI, S,-
progeny, and S-.-progeny selection was based on a selection index that included grain yield, 
grain moisture at harvest, and resistance to stalk and root lodging. Each trait in the selection 
14 
index was weighted by its heritability (Smith et al.. 19SIa: b). Progeny evaluation tnals 
generally were conducted in one year with two replications at each of three locations. A 
summar\- of each selection method including cycle times, selection intensities, and testers is 
given in Table I. 
The BSl 1 population has a tendency toward prolificacy and was used in 1963 to 
initiate reciprocal full-sib selection (FR) between BSIO and BSll. Crosses to the reciprocal 
population and seifs in the FR program were made on different ears of the same plant 
(Hallauer. 1967). The full-sib families were usually evaluated in one year at two to three 
locations with two to three replications per location. Remnant S, seed of the parents of the 
selected full-sib families was intermated by using the bulk-entry method (Hallauer. 1985). In 
the first five cycles of the FR program, selection among progenies was based primarily on 
grain yield with consideration given to decreased grain moisture and reduced root and stalk 
lodging. In the first cycle of selection. families were intermated to form the Cycle 1 
population whereas S, families were used for all subsequent cycles. Twelve cycles of 
selection have been completed in the FR program, but only the initial five cycles were 
evaluated for comparison with the other selection methods. 
Mass selection in BSll was begun in 1967 utilizing the original BSll Cycle 0 (BSll 
CO) population. The first four cycles of mass selection were conducted by growing plants in 
the breeding nursery and intermating the second ear on the best two-eared plants to retain 
prolificacy in the population. Staning with Cycle 5, mass selection was conducted by 
growing the population in isolation. The field was gridded into single-row plots 5.49 m in 
length. The most desirable plant in each of the most desirable plots was selected based on 
standability. fi-eedom fi-om disease, etc.. and allowed to intermaie with all surrounding plants. 
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The selected plants were han ested and seed was bulked to produce the next cycle population. 
Cycles 2. 4. 6. 8. and 10 were included for our evaluation of progress from mass selection. 
Full-sib. modified ear-to-row. half-sib selection with an inbred tester. S,-progeny, 
and S;-progeny selection were initiated in the 1977-78 winter nursery by using the same 
BSl ICO population that was used in 1963 and 1967 to begin the FR and mass selection 
programs, respectively. Full-sib selection was initiated by making plant-to-plant crosses in 
the winter nursery' to produce full-sib families. The following season in Iowa approximately 
100 full-sib families were evaluated in replicated yield trials, and the best 20 families were 
selected. Remnant seed of the 20 selected families was planted in winter nursery, and 
approximately ten plants per family were selfed to produce S,s for cycles 1 to 3; 10 to 15 
plants were selfed in subsequent cycles. Self-pollinated ears from the five best plants in each 
of these 20 selected families were bulked to represent that family for recombination for 
cycles 1 to 3; all the selfed plants were bulked in cycles 4 and 5. The following season in 
Iowa, recombination was conducted by making S, x S, plant crosses by using the bulk-entry 
method. Five sets of reciprocal full-sibs per pair in the bulk-entry intermating constituted the 
full-sib families for evaluation in the next cycle of selection. Thus, after the initial cycle, 
only three seasons per cycle were needed giving a cycle time of two years. 
Modified ear-to-row selection was conducted similar to the method described by 
Compton and Comstock (1976). Selection was for both the male and female gametes, and 
two years were needed to complete one cycle of selection. Progenies were developed for the 
first cycle of selection by harvesting open-pollinated ears from the BSl 1 CO population 
grown in isolation. One-hundred ears were selected and evaluated the following year in 
replicated yield trials. The following winter-nursery season was used to self remnant seed of 
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the 20 selected half-sib t'amilies. Approximately 10 to 15 plants per family were selfed. and 
equal quantities of seed from each selfed ear were bulked to represent the selected family 
during recombination and family formation. The bulked selfs of the 20 selected families 
were planted in isolation in the following season in Iowa to form families for the next cycle 
and for recombination. Each family was replicated five times and detasseled before anthesis. 
Male rows were obtained by bulking equal quantities of selfed seed from each of the 20 
selected families. One half-sib plant was harv ested from each of the 100 female rows in 
isolation for the yield trials in the following season. The remaining ears 10 to 15) from 
each of the female rows in isolation were har\'ested and equal quantities of seed were bulked 
from each ear to form the Syn-1 population. The resulting Syn-1 population was random 
mated, by chain sibbing 300 to 400 plants to form the Syn-2 population, which was used to 
represent the population per se for evaluation purposes. 
Half-sib selection with an inbred tester was initiated by selfing 300 to 400 plants in 
the winter nursery. The resulting S, lines were grown the following season in the Iowa 
breeding nursery and infested with European com borer [Ostrima nubilalis (Hiibnerl] larvae. 
-Approximately 30 to 50% of the lines were discarded before anthesis on the basis of 
evaluation of resistance to whorl-leaf feeding. Two plants in the remaining S, lines were 
simultaneously selfed and crossed to four plants of the inbred tester B79. Inbred B79 was 
derived from the BSIO population, which was used as the reciprocal population for BSl I in 
the FR program (Russell and Hallauer, 1976). At harvest, seed from the best of the two 
selfed plants was placed in storage and the corresponding testcross seed was bulked for 
replicated evaluation. The following season in Iowa, the 100 testcrosses were evaluated in 
replicated yield trials and the superior 20 testcrosses were selected. In the following winter 
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nursery, remnani S, seed of the male parent of the 20 selected testcrosses was recombined by 
the bulk-entr\' method. The resulting Syn-1 population was random mated by chain sibbing 
300 to 400 plants to form the Syn-2 population. The next cycle was initiated by selfmg the 
Syn-2 population in winter nurser>'. 
Progenies were developed for S,-progeny selection by selfmg 300 to 400 S„ plants in 
the winter nursery. Ears from the more desirable 100 to 150 plants were harvested. The 
following season in Iowa. 100 S, lines were grown in replicated yield trials, and the best 20 
lines were selected. The selected lines, planted from remnant S, seed, were recombined in 
the winter nursery using the bulk-entr\' method. The resulting Syn-1 population was random 
mated by chain sibbing 300 to 400 plants, to form the Syn-2 population. The Syn-2 
population was used to initiate the next cycle of selection. 
S.-progeny selection was conducted by selfing 300 S^ plants in the winter nursery. 
The S, lines were grown ear-to-row the following season in the Iowa breeding nursery. .\11 
rows were artificially infested with European com borer larvae and rated for resistance to 
whorl-leaf feeding before anthesis. Generally 30 to 50% of the lines were discarded before 
anthesis on the basis of whorl-leaf feeding as well as other agronomic traits, such as plant 
type, tillering, lodging, plant and ear height, and maturity. Three to five plants were self-
pollinated in the remaining S, lines. At harvest, 100 S. progenies were selected for 
replicated evaluation, each derived from a single plant in a different S, line. Criteria for 
choosing among pollinated plants within rows included seed set, ear diseases, and lodging. 
The following season in Iowa, the S, lines per se were evaluated in replicated trials. In the 
following winter nursery, the 20 selected families, planted from remnant S, seed, were 
recombined by the bulk-entry method to form the Syn-1 population. The Syn-1 population 
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was random mated by chain sibbing 300 to 400 plants to form the Syn-2 population. The 
next cycle was initiated by selfmg Sr, plants in the Syn-2 population. 
Selection Method Evaluation and Procedures 
In the 1991 Iowa breeding nursery, seed of the populations per se and populations per 
se selfed was produced for the CO to C5 of S,-progeny. FR. MER. and FS selection methods. 
CO to C4 of HI and S.-progeny selection methods, and C2. C4. C6. C8. and CIO of mass 
selection. Each of the populations per se was also topcrossed to BSl ICO and B79 in 
isolation plots. Seed of the populations per se and populations per se selfed was produced by 
chain sibbing or selfing = 160 plants. The topcross seed was produced by using 160 plants 
of the populations as females and the testers as males. Equal quantities of seed were bulked 
from each ear to form all types of populations. 
The noninbred (So-populations per se, testcrosses to BSl ICO. and testcrosses to B79) 
and inbred (S, -populations selfed) materials were evaluated in separate experiments grown in 
central and southern Iowa. Both experiments were conducted at Ames, .-Knlceny, 
Crawfordsville, and Martinsburg, lA, in 1992 and 1993 as well as .\mes, Chariton, 
Crawfordsville, and Fairfield, lA, in 1994. Because of poor stands, data were not obtained 
for the inbred experiment at Chariton in 1994. 
Entries included in the noninbred experiment were the populations per se for all 
cycles of selection and each method, population crosses to the BSl ICO, and the population 
crosses to inbred B79. Multiple entries of BSl ICO (20 per replication) and BSIICO x B79 
(10 per replication) were included to give a more precise estimate of the BS1 ICO mean and 
to minimize correlations among regression coefficients. The entries and three hybrid checks 
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were evaluated in a 13 x 13 partially-balanced lattice design with five replications for each 
location by year combination (environment) except for Chariton in 1994 where only four 
replications were evaluated. The inbred experiment included multiple entries of BSl ICO 
selfed (10 per replication) along with the populations per se selfed for each cycle of selection 
for all methods. The inbred entries and one inbred line check were evaluated in a 7 x S 
rectangular lattice with five replications per environment. 
For both experiments, a plot consisted of uvo machine-planted rows 5.49 m in length 
with 0.76 m between rows. Plots were overplanted and thinned to a uniform stand density of 
approximately 62 124 plants ha"'. All experiments were machine cultivated and/or hand 
weeded as necessary to maintain proper weed control. All plots were machine harvested with 
no gleaning of dropped ears. 
Data were collected on all replications for machine-harvestable grain yield (Mg ha ') 
adjusted to 155 g kg ' grain moisture, grain moisture (g kg ') at harvest, final stand (1 000 
plant ha '), root lodging (percentage of plants leaning greater than 30° firom vertical), stalk 
lodging (percentage of plants broken at or below the primary ear node), and dropped ears 
(%). Plant, ear. and top height were measured on two replications in each environment 
except for Ames in 1993 in the noninbred experiment, which was not measured. Plant and 
ear height were recorded as the average of measurements on 10 competitive plants plot ' and 
measured as the distance from the soil surface to the node of the flag leaf and to the highest 
ear-bearing node, respectively. Top height was calculated as the difference between plant 
height and ear height. Growing degree units (GDU °C) to 50% silk emergence were recorded 
on two replications at Ames in 1992, 1993, and 1994. Growing Degree Units °C were 
calculated as: [(Daily maximum temp. - Daily minimum temp.)/2]-10, where the maximum 
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and minimum limits for calculation purposes were 30 and 10° C. respectively (Shaw. 1988). 
Because of excessive lodging, root lodging, stalk lodging, and dropped ears were not 
measured at .Ajties in 1992 in the noninbred experiment. Also, data for grain yield, grain 
moisture, lodging and dropped ears were recorded on only three replications for the inbred 
experiment at Martinsburg in 1992. 
Statistical .Analysis 
The analyses of variance for individual environments were calculated according to the 
analysis for a square and rectangular lattice for the noninbred and inbred experiments, 
respectively. Entry means in each environment, adjusted for lattice block effects, were used 
to compute an unweighted analysis of variance combined over environments. For ftmher 
analysis, the populations per se. population crosses, and selfed populations were separated 
into three groups for regression based on common CO genotypes. Group one included all 
cycles of selection of the populations per se and the population crosses to the CO. which had 
BSl ICO as their common CO genotype. Group two included all of the populations crossed to 
B79, which had BSllCO x B79 as the common CO genotype. The third group included all of 
the selfed populations per se, which had BSl ICO selfed as the common CO genotype. The 
sums of squares for each group were partitioned to simultaneously fit regression lines for all 
seven selection methods through the common CO intercept (Eberhart, 1964). Weighted least 
squares regression was utilized with the weight being the variance of cycle means firom the 
combined analysis of variance. Multiple CO entries for each regression group allowed the 
common CO intercept to be weighted more heavily than all other points, with the selected-
cycle means having equal weight for all selection methods. Standard errors for the regression 
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coefficients were obtained by taking the square root of the appropriate diagonal element of 
the (X'W"'X)'' matrix where W is a matrix with the variance of cycle means on the diagonal 
and zeros on the off-diagonal and X is a matrix of the number of cycles of selection 
conducted for each method. Estimates of the average response cycle"' were obtained from the 
linear regression coefficients from the model containing only the linear term for each method. 
Average response year ' was calculated by dividing the average response cycle ' by the 
number of years required to complete a cycle for each method of selection. Percentage 
response cycle"' was calculated as the ratio of the linear regression coefficient to the 
estimated CO intercept and multiplied by 100. 
Inbreeding depression in absolute units was calculated by using cycle means from 
those environments where the trait of interest was measured on both the and S, 
experiments. Inbreeding depression in absolute units was calculated as the S„ minus S, cycle 
means. Percentage inbreeding depression was calculated by dividing inbreeding depression 
in absolute units by the noninbred mean and multiplying by 100. Standard errors for 
inbreeding depression in absolute units were calculated as the square root of the sum of the 
variance of noninbred and inbred cycle means (Lamkey and Smith, 1987). Significance of 
inbreeding depression was tested by a r-test with the degrees of freedom associated with the 
/-statistic approximated as given by Satterthwaite (1946). 
Cumulative selection differentials were calculated by summing the selection 
differentials from progeny evaluation trials over all cycles of selection. Predicted gain was 
calculated by multiplying h' by the selection differential for each cycle and summing this 
product over all cycles of selection. When h" for an individual cycle and method was not 
available, the mean h" over all cycles was substituted in the calculation of predicted gain. 
Realized heritabilties were calculated by regressing the cycle means or cumulative responses, 
on to the cumulative selection differential (Falconer, 1954; Hill. 1972; Myquist. 1991). 
Weighted least squares regression was utilized and. since no replicate programs were 
conducted, the standard errors for the realized heritabilities were calculated in the same 
manner as the standard errors for the regression coefficients for linear responses to selection. 
Realized h" was not calculated for a trait where inconsistencies in sign of the selection 
differential caused the cumulative selection differential to flucmate in sign as well. 
.\n economic analysis of the selection methods was carried out by assuming direct 
costs of S10 for an average nursery row. S15 per winter nursery row. S10 per yield trial plot, 
and a cost of S350 for an average-size isolation. The cost per unit of gain was calculated by 
taking the cost cycle ' divided by the gain cycle ' estimated for each selection method. The 
number of years to achieve one unit gain {1 Mg ha"') was calculated by multiplying the 
inverse of the gain cycle ' by the number of years to complete one cycle of selection. The 
cost yr ' was calculated by dividing the cost cycle"' by the number of years required to 
complete one cycle. The gain per investment was calculated by dividing the gain cycle ' by 
the cost cycle"'. 
Results 
Selection Trial Results 
Mean heritabilities for grain yield ranged from 47.1 (HI) to 86.7% (Si-progeny), and 
the average selection differentials ranged from 0.67 to 1.19 Mg ha"' (Table 2). The mean 
heritabilties over cycles of selection are consistent with data published by Lamkey and 
Hallauer (1987). They summarized heritabilities for numerous recurrent selection programs 
into three broad groups including some of the earlier cycles from these selection programs. 
Group one of our experiment would only include the FS program. Group two includes the 
HI. FR. and MER programs, and group three includes both inbred-progeny selection 
methods. Their group heritabilties averaged 65.5 (Group 1). 55.7 (Group 2). and 78.6° o 
(Group 3). whereas corresponding averages for our experiment were 65.3, 55.0. and 11.6%. 
Average heritabilities for grain moisture were high for all selection methods ranging from 
65.8 (FR) to 86.9% (S;-progeny). The average heritabilities in the selection trials were high 
for stalk lodging as well, ranging from 53.9 (MER) to 70.1% (S.-progeny) selection. 
Heritabilities for root lodging were slightly lower in selection trials ranging from 40.7 (MER) 
to 69.7% (S;-progeny). 
General Results of Evaluation Trials 
Two of the years in which these materials were evaluated (1992 and 1994) 
represented near optimum growing conditions for maize and resulted in record yields 
throughout much of the Com Belt; however, extremely high rainfall and a cool growing 
season resulted in lower grain yields in 1993. The average grain yield across all 
environments was 5.53 Mg ha ' for the So experiment and 3.43 Mg ha ' for the S, experiment. 
Mean grain yields in individual environments ranged from 2.64 to 7.37 .Mg ha ' for the Sq 
material and ranged from 1.58 to 5.03 Mg ha"' for the S, material. Grain yield in 1993 was 
51 (So experiments) and 46% (S, experiments) less than the average for 1992 and 1994. 
Means for grain moisture ranged from 19.4 to 33.7% for the So experiment and from 
18.2 to 28.8% for the S, experiment. Substantial amounts of stalk lodging were found in this 
material. Mean staJk lodging at individual environments ranged from 6.3 to 35.7% for So 
materials and from 5.2 to 26.0% for the S, experiment. Root lodging was erratic among 
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individual environments. Mean root lodging for individual environments ranged from 0.5 to 
9.S % and from 0.5 to 13.3 % for the and S, experiments, respectively. 
Traits Under Direct Selection 
It is evident from the selection differentials and heritabilities for grain yield that each 
method would be expected to respond to selection (Table 2). For all seven recurrent selection 
methods, grain yield increased significantly in the populations per se (Table 3 and Fig. I A). 
Responses in the populations per se ranged from 0.03 Mg ha"' cycle ' (0.6%) for mass 
selection to 0.21 Mg ha' cycle"' (4.5%) for S.-progeny selection. The response to selection 
in the S^j-progeny selection program was not significantly greater than the 0.17 Mg ha"' cycle 
' in the MER program; however, the response for S.-progeny was significantly greater than 
that for all other methods. When put on a per year basis. MER gave the greatest response per 
year of 0.09 Mg ha"' yr"' followed by S^-progeny selection with 0.07 Mg ha"' yrmass and 
HI had the least responses of 0.03 Mg ha"' yr'. 
Responses for grain yield in the testcrosses to the CO population were also significant 
for all selection methods ranging from 0.04 to 0.25 Mg ha ' cycle"' for mass and S^-progeny 
selection, respectively. The response for S,-progeny selection was significantly greater than 
the responses for all other selection methods. Grain yield in testcrosses to inbred B79 did not 
respond to mass selection, whereas MER, HI, PR, and S,-progeny methods all had 
statistically equivalent increases in grain yield when crossed to B79. Unlike the previous 
three population types, the selfed populations had varying responses to the selection methods 
for grain yield. A nonsignificant decrease in grain yield over cycles of selection was found in 
the selfed populations for both the HI and mass selection programs. Selection increased the 
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grain yield for the selfed populations for the other five methods with the greatest response per 
cycle for S--progeny selection of 0.19 Mg ha ' (5.8°'o). Modified ear-to-row. FR. and S.-
progeny selection had similar and significant increases in grain yield. On a per year basis. 
FR. S., and S. progeny selection had equivalent increases in grain yield of 0.06 Mg ha" VT ' 
in the selfed populations. 
Response for grain moisture was in the desirable direction for all methods of selection 
(Table 4 and Fig. IB). Grain moisture decreased for the populations per se at the greatest rate 
in the FR program (-4.8 g kg"' cycle"' ). Significant decreases were also found for all other 
selection methods except MER, which had a nonsignificant response for grain moisture. In 
the testcrosses to the CO population, all selection methods, except for HI and MER. resulted 
in significantly decreased grain moisture. S,-progeny selection had the greatest response of-
2.3 g kg"' cycle"' or -l.l g kg"' yr"'. Similar to the CO crosses, testcrosses to B79 decreased in 
grain moisture for all selection methods with FS and FR having the greatest responses of-2.7 
g kg"' cycle '. An evaluation of the selfed populations showed that FR selection, similar to 
the populations per se, had the greatest response in the desirable direction of-4.8 g kg"' cycle" 
'. whereas MER selection significantly increased in grain moisture (0.8 g kg"' cycle '). 
Selection response for stalk lodging was also generally in the desired direction. Stalk 
lodging in BSIICO averaged 20%, and five of the seven selection methods effectively 
reduced this by nearly 50% after only four or five cycles of selection (Table 5 and Fig. IC). 
Mass selection, however, had a significant increase in stalk lodging of 0.3% cycle"', and FR 
selection was not effective in changing the stalk lodging in the population per se. S^-progeny 
selection had the greatest decrease of -2.4% cycle"' in the populations per se and was slightly 
more effective than MER, which decreased -2.2% cycle"' of selection. For both the 
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population crosses to the CO and to inbred B79. stalk lodging decreased significantly for all 
selection methods except for mass selection. In both population types, stalk lodging was 
reduced at the greatest rate with S^-progeny selection (-1.8% cycle"' for crosses to the CO and 
B79). Likewise. S^-progeny selection resulted in the greatest decrease in stalk lodging in the 
selfed populations (-2.6% cycle '). 
Root lodging was the fourth trait under direct selection in most of the programs. In 
all instances (all types of populations and all selection methods), selection response for root 
lodging was in the desirable direction (Table 6 and Fig. ID). S,-progeny and HI selection 
were the most effective methods for decreasing root lodging in the population per se (-1.3% 
cycle ') .  By the final cycle of S,-progeny and HI selection, root lodging decreased from 6.1% 
in the CO to 1.0% or less. S,-progeny selection was the most effective method for reducing 
root lodging in the CO and B79 testcrosses and in the selfed populations. Root lodging 
showed no significant response to mass selection in any of the four population types 
evaluated. 
Correlated Responses 
Selection based on grain yield, grain moisture, stalk lodging, and root lodging also 
resulted in significant changes in other agronomic traits (Table 7). Plant and ear height in the 
populations per se were significantly reduced with all selection methods except for mass. 
Inconsistent responses among selection methods were found for top height, .\lthough 
significant responses for top height were found in both directions, rarely did they exceed a 
1cm decrease or increaise cycle"'. 
The percentage of plants with dropped ears showed little-to-no response to selection. 
Only two significant responses associated with S,-progeny selection in the populations per se 
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and the B79 testcrosses were detected. The mean percentage of dropped ears for the CO was 
l^ o; the equivalent of less than one dropped ear per plot. The overall experiment mean in 
the various environments ranged from 0.1 to 2.2 % dropped ears. 
The number of GDUs required to reach mid-silk decreased significantly in the 
populations per se for all selection methods and ranged from -2.10 (mass) to -16.30 GDU "C 
cycle"' (S,-progeny) (Table 7). Populations developed with S, and S.-progeny selection 
methods required 16 and 12 fewer GDU °C to reach mid-silk with each cycle of selection, 
respectively. .Assuming an average of 13 GDU '^C day ' in July, the responses in S, and S;.-
progeny selection would be equivalent to decreasing time to mid-silk by one day with each 
cycle of selection. Cycle 5 of S,-progeny selection and C4 of S.-progeny selection are 6.0 
and 4.5 days earlier than the CO, respectively (data not shown). Although responses in GDU 
°C requirement for the other selection methods were significant, they amounted to less than a 
one day reduction in GDU °C cycle '. Responses for GDU °C in the BSl ICO and B79 
testcrosses were inconsistent among selection methods. The FS, FR. S,, and S.-progeny 
selection methods also had significant decreases in the GDU °C to mid-silk for the 
testcrosses. The selfed populations were later maturing and on average required a greater 
number of GDU ^C to reach mid-silk compared with the So populations. Responses for the 
selfed populations were in the negative direction, but were not significant for the HI, mass, 
and MER selection methods. Growing degree unit changes year ' were the greatest for S,-
progeny selection in ail four population types. 
Inbreeding Depression 
Significant inbreeding depression was found for grain yield for all cycles of selection 
and for each selection method (Table 8). There was no clezu* trend over cycles of selection. 
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however, for changes in inbreeding depression with any selection method when expressed in 
either absolute units or as a percentage of the noninbred mean. Significant inbreeding 
depression was found for grain moisture at hard est for most cycles of most selection 
methods. No trend in relative magnitude of inbreeding depression was found for grain 
moisture, with the exception of the HI selection method. For the HI selection method, there 
was a decrease in the amount of inbreeding depression over cycles of selection expressed in 
both absolute units and as a percentage of the noninbred mean. Inbreeding depression for 
stalk lodging was inconsistent among cycles of selection and methods and no trends for 
inbreeding depression were evident. Inbreeding depression for root lodging was significant 
for only S,-progeny selection, and no trends were evident among selection methods. 
Realized Heritability 
Realized heritabilities were calculated to determine the amount of the cumulative 
selection differential realized in each of the selection programs (Table 9). The cumulative 
selection differentials were large for grain yield as were the predicted gains from selection. 
The cumulative selection differential was smallest for the HI program (2.69 Mg ha"'). 
Because of a lower heritability (47.1 %) in the selection trials, the HI program had the least 
predicted gain (1.31 Mg ha"'). The S.-progeny selection method had the greatest predicted 
gain (4.11 Mg ha ') for grain yield because of a larger cumulative selection differential (4.74 
Mg ha"') and a greater average h* in the selection trials (86.7%). Realized heritabilities for 
grain yield, in the populations per se, were small and ranged from 9.3 (FS) to 25.6% (MER). 
Realized heritabilities for grain moisture at har\'est ranged from 0.0 (S.-progeny) to 
41.6% (FS). Realized heritability for stalk lodging in the populations per se ranged from 
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26.7 (HI) to 54.9°0 (MER). Realized heritability for root lodging was similar to stalk 
lodging and ranged from 5.7 (HI) to 27.9°'o (S,-progeny). 
Relative Economic Gain 
In a comparison of selection methods, not only rates of genetic improvement should 
be compared but also the costs of obtaining the improvement. Estimates of costs presented in 
Table 10 serve only as a guide to the relative costs of conducting these selection methods. 
Estimates of the cost/cycle are completely independent of time for one unit of gain and. 
likewise, the time to achieve one unit of gain is independent of cost-'imit of gain. The average 
cost to conduct a cycle of selection ranged from S350 (Mass) to S14 300 (HI), .\verage 
costs/year ranged from S350 (Mass) to S6 050 (FR). The cost/year of the FR selection 
method was so high partly because nearly double the number of families were evaluated in 
Weld trials in comparison with other selection methods (Table 1.) This increased cost would 
be expected to be panly offset by the increased gain/cycle from a higher selection intensity. 
More important than the cost/cycle is the investment needed to achieve a given 
amount of gain. In oiu" study, a 1 Mg ha ' increase in grain yield would be equivalent to a 
21% increase over the Cq. The cost/unit gain ranged from S12 122 (Mass) to SI90 058 (HI). 
The length of time required to achieve a 1 Mg ha"' increase in grain \aeld ranged from 12 
(MER) to 40 (HI) years. 
Discussion 
It is clear from the results of our study, and from previous studies, that recurrent 
selection methods can be successfully utilized for the improvement of maize populations. 
Empirical data, however, are lacking for the direct comparison of more than a few recurrent 
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selection methods in any given maize population. Darrah (1986) reported on a comparison of 
five recurrent selection methods for grain yield with several variations of each basic method. 
Likewise. Stojsin and Kannenberg (1994) compared four selection methods in each of five 
populations. Our study compares seven methods of recurrent selection within the same base 
population. 
.An important result of our study is the success of many recurrent selection methods 
for improving several traits simultaneously. In some instances, selection for agronomic traits 
such as insect resistance alone, has caused yield reductions or, selection for yield alone has 
caused undesirable responses in other agronomic traits, such as lodging or grain moisture 
(Rehn and Russell. 1986; Nyhus et al., 1989). In our study, most selection methods showed 
significant progress in the desired direction for all four traits included in the selection index 
(Fig. I). The only exception was the nonsignificant decrease in grain moisture for MER. 
Additionally, significant improvements in the desirable direction also were made in the 
populations per se for correlated agronomic traits. 
No published reports exist describing progress from recurrent selection in BSl 1 with 
the exception of the FR program (Hallauer, 1984; Eyherabide and Hallauer, 1991). Thus, 
comparison of results with previous reports in the BS11 population must be confined to the 
FR program. Eyherabide and Hallauer (1991) reported an increase in grain yield in the BS 11 
population per se of 0.08 Mg ha"' cycle ' after eight cycles of FR selection. Rodriguez and 
Hallauer (1988) reported a 0.04 Mg ha"' cycle"' increase in grain yield in the BSl I 
population per se after seven cycles of FR selection. Our results showed a slightly higher 
increase in grain yield with only five cycles of selection (0.12 Mg ha"' cycle). Eyherabide 
and Hallauer (1991) reported an increase in grain yield and a decrease in grain moisture, stalk 
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lodging, root lodging, and ear height in the BS11 population per se. Our data agree with the 
trends reported for each of these traits with the exception of stalk lodging. Our data show no 
significant change in stalk lodging whereas Eyherabide and Hallauer (1991) showed a 
decrease of 1. l°'o per cycle. Possible explanations for this discrepancy are that the 
evaluations were made in a different set of environments and our evaluations were confined 
to only the first five cycles whereas Eyherabide and Hallauer (1991) evaluated eight cycles of 
selection. 
Comstock (1964) concluded that in the absence of overdominance. inbred progeny 
selection was expected to be superior to other recurrent selection methods for improvement 
of the population per se. Choo and Kannenberg (1979) conducted a simulation study 
comparing mass, ear-to-row, and S,-progeny selection, and they concluded that S|-progeny 
selection would give superior improvement with both an additive and a complete dominance 
model. Wright's (1980) conclusions agree with the expected superiority of S,-progeny 
selection. .Although the theoretical comparison among selection methods is known, results 
from previous studies comparing recurrent selection methods for population improvement 
have been inconsistent. .An evaluation of half-sib selection with a double-cross tester and S,-
progeny selection by Burton et al. (1971) showed that S, -progeny selection had greater 
improvement in grain yield than the half-sib method. A later evaluation of the same program 
after further selection however, showed no differences among these methods for observed 
grain yield response (Tanner and Smith, 1987). Results of Stojsin and Kannenberg (1994) 
also showed that the most significant responses were obtained with selfed progeny selection 
versus other methods. Conversely, Homer et al. (1973) compared S^-progeny selection with 
testcross selection with a genetically broad-based tester and with an inbred tester. 
Improvements in the populations per se for grain yield were significantly greater for both 
testcross methods than for S.-progeny selection after five cycles of selection. Selfed 
populations of each of these programs showed no differences among the three methods. 
Homer et al. (1989) also compared S; progeny selection with testcross selection with an 
inbred line from a reciprocal population. Their results showed that although both methods 
resulted in significant improvement for grain yield, topcross selection was superior to S.-
progeny selection. Darrah (1986) completed a study in which multiple recurrent selection 
methods were compared. He concluded that the most consistent improvement was obtained 
by using ear-to-row selection. Darrah (1986) also showed that although S,-progeny selection 
resulted in significant yield improvement, it was not as high as would be predicted and was 
less than the gain obtained with ear-to-row selection. Holthaus and Lamkey (1995) also 
found a lack of response to inbred progeny selection vs. other forms of reciprocal reciurent 
and half-sib selection in BSSS. Variance component estimates in BSSS show the dominance 
and additive genetic variances are roughly equivalent (cTd/ct,^ = 1.05; Holthaus and Lamkey, 
1995). The importance of dominance variance in BSSS could be a possible reason for inbred 
progeny selection methods to either not respond to selection or not to be superior to alternate 
selection methods in BSSS. If additive genetic variance is of great importance in a 
population relative to the magnitude of dominance variance, then inbred-progeny selection 
would be expected to be superior to other methods under most genetic situations. 
Our data differ from the reports by Homer et al. (1973 and 1989), Darrah (1986), 
Lamkey (1992), and Holthaus and Lamkey (1995) because inbred progeny methods were 
superior to the other selection methods and had the greatest per cycle selection response if all 
four traits under selection were taken into account. Responses for grain yield in the 
populations per se were consistent within the range of previously reported responses 
summarized by Hallauer and Miranda (1988). Estimates of variance components in the BSl 1 
population by Reeder et al. (1987) showed that dominance variance estimates were never 
greater than twice their standard errors and were substantially smaller than estimates of the 
additive genetic variance. The large additive genetic variance relative to dommance variance 
may explain why inbred progeny methods were superior in BSll and not in some previous 
studies. Additionally, based on the agronomic characteristics of the BS1 ICO, (i.e., relatively 
lower yield, higher stalk lodging, etc.), the load in this population (number of individuals 
suffering genetic death due to their deleterious alleles: Falconer and Mackay. 1996) may be 
greater than for other maize populations. Inbred progeny methods would uncover deleterious 
recessive alleles and expose them to the effects of selection. Inbred progeny selection may 
not necessarily increase mean performance by acting directly to increase the frequency of 
favorable alleles, but by directly decreasing the frequency of deleterious recessive alleles. 
Selection methods such as MER and FS, which use the population per se as the tester, would 
be expected to uncover deleterious recessive alleles more effectively than methods using 
unrelated inbred or population testers, which could potentially mask the effects of deleterious 
recessive alleles. Thus, based on the relative performance of the methods for all agronomic 
traits, it seems evident from our experiment that the best tester for population per se 
improvement in BS 11 is the population itself. 
Inbreeding depression for grain yield in BSl 1 shows that with all selection methods 
there remains significant inbreeding depression (Table 8). There seems to be no trend toward 
a decrease in inbreeding depression with selection. This fact would seem to indicate that the 
frequency of favorable alleles has not increased to fixation at very many of the loci 
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controlling grain yield. Similar results were obtained for grain moisture, stalk lodging, and 
root lodging. The only emerging trend for a decrease in inbreeding depression over cycles 
was with grain moisture and stalk lodging in the HI program. 
Predicted gains for many of the selection methods in BSl 1 were large, whereas 
observed gains were low in comparison. The discrepancy, however, between predicted and 
realized gain is not unique to our study. There are two possible reasons for this discrepancy 
and both involve the possible overestimation of heritability in the progeny evaluation trials. 
Lamkey and Hallauer (1987) showed that when heritability is estimated from the variance 
among families in the selection trials, heritabilities may be biased upwards and represent an 
upper bound of the heritability for certain progeny types. Likewise, heritability based on 
single-year data, such as the case in the selection trials, is biased upwards because of 
genotype .x year interactions being confounded in the numerator (Comstock and Moll. 1963). 
.\nother possible reason for the lack of relationship bet\\ een predicted and realized gain is the 
potential for the genotype x environment interactions experienced in the selection 
environments to not be representative of the genotype x environments interactions that 
occurred in the multi-year evaluation trials (Comstock and Moll, 1963). 
Although all methods of selection showed significant increases in grain yield in the 
populations per se, realized heritability estimates for all selection methods were low. This 
disturbing result occurs because the cumulative selection differentials for all the selection 
methods were extremely large, attaining 5.31 Mg ha' after only five cycles of selection 
(Table 9). With reasonable heritabilities in the selection trials, predicted gains from selection 
were as great as 4.11 Mg ha"', with never more than 26% being realized based on estimates 
given in Table 9. Realized heritabilities lower than heritabilities calculated based on additive 
35 
genetic variances seem to be a common occurrence (Comstock. 1996). Published reports on 
realized heritability calculated from recurrent selection methods in maize are inadequate to 
determine whether our realized heritabilties are unrealistically low. 
In a discussion of selection method efficiency and maize improvement, the topic of 
economics inevitably arises. Estimates of cost to conduct recurrent selection based on the 
manner in which each method was conducted resulted in a wide range of costs cycle' among 
selection methods. The costs unit ' of gain varied among selection methods. Because costs 
for each phase of a selection program will var\' among breeding programs, an attempt was 
made to determine what effect changing the initial costs would have on the cost unit ' of gain. 
To assess this, costs of the four main components were varied to evaluate possible rank 
changes among methods. Each cost (i.e., cost per winter nursery row, cost per isolation, etc.) 
was reduced by 50% and doubled with all other costs remaining equal. Although the relative 
magnitude among selection methods change, varying costs did not change the rank among 
the selection methods for the cost unit ' of gain. For our study, HI selection, although in 
many instances a desired method, was costly per unit gain in part because of its relatively 
low rate of gain and due to its additional costs per cycle for tester rows in nurseries. Taking 
into account both cost unit ' gain and length of time required, both MER and S2-progeny 
selection provided reasonably high rates of gain at moderate investment and would be 
expected to increase grain yield by 21% in 12 or 14 years, respectively. Except for mass 
selection, MER and S^-progeny selection would be expected to give the greatest returns on 
investment. 
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I'igure 1. Responses to selection for grain yield (A), grain moisture at harvest (U), Stalk lodging (('), and root lodging (!)) lor seven selection 
methods in BSl 1. * and ** indicate significance of the linear response (H„; at 0.05 and 0.01, respectively. Responses are sorted in 
order of greatest response in the desirable direction to least response. Responses for each method connected by the same vertical line do not 
differ significantly at a=0.05. 
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Table 1. Selection protocols for each of seven selection methods conducted in BSl 1 mai/.e population. 
Cycle No. 0 f progeny Type of progeny Selection l ast cycle 
Selection method Tester time' livalualed' Recoiiibined livaluated Kecoinbined inleiisily in study 
yr- no no. % 
l-ull-sib HSU 2 1(1(1 20 I'ull-sibs S| 20 5 
llair-sib \m 3 100 20 lestciosses S| 20 A 
Mass liSlI 1 lOOOO 100 na" na 1 10 
Modified ear-lo-row liSll 2 100 20 llalf-sibs S| 20 5 
Reciprocal full-sib BSIO 2 185 20 lull-sibs S| 10 5 
S, -progeny BSll 2 100 20 S| S| 20 5 
Si -progeny BSII 3 100 20 S, S, 20 A 
'Uascd on Iwo nonsiinilar seasons per year. 
'lixcept for Mass, progeny evaluations were generally made by using two replications at each ol three locations. 
'Not applicable. 
Table 2. Heritabilities (h^) and selection differentials (S) from progeny evaluation trials conducted in the BSl 1 mai/.e 
population to select desirable lines to form the next cycle ofselcction. Heritabilities and selection differentials were 
unpublished data obtained from the Annual Reports of the C oopcralive Federal-Slate C orn Breediny Investigations, 
Ames, I A, 1963 through 1989. 
Cycle 0 Cycic 1 Cycle 2 Cycle 3 Cycle 4 Mean Mean 
Trait Sclcctiuii methud li^ S h' S li^ S li^ S li^ S li^ S 
Grain yield (Mg ha ') l-ull-sib 5^0 (TtS 808 ToS 62J 090 6(kO 048 619 059 076 
Half-sib 4.5.0 076 61.9 08.^ 29.0 0.51 52,0,59 47,1 0,67 
Modified car-to-row 54,0 0,78 59 7 070 57,5 067 54,0 0,68 54,5 0,55 55,9 0,68 
Reciprocal full-sib 81,0 0,6.^ 40,0 1,17 60,1 1,27 62,0 1,1 1 67,0 1,1.^ 62,0 1,06 
S,-progeny 84,6 1,12 6 0 3 1,00 57,0 0 2K 71,7 061 68,4 051 68,4 0,70 
S,-progeny 86,7 1,59 86,2 1,02 90,0 1,06 8.V7 1,07 86,7 119 
tirain nioislure (g kg') l^Ul-sib 71.1 -4.0 86,0 -7,0 61,0 -1.0 67.0 -8,0 86,2 -4,0 74 .< -4,8 
Half-sib 89,4 -5,0 62,7 0,0 75,0 1,0 76,4 6,0 75,9 0,5 
Modified ear-lo-row 71,1 -4,0 76,1 -1.0 77,8 -4,0 76,0 -11.(1 66,2 -7,0 7,14 -5,4 
Keciprocai full-sib 13,0 83,9 2,0 75,9 0,0 73,1 1,0 30.4 -2,0 65.8 -2,4 
S|-progeny 806 -1,0 72,9 -5,0 60,0 -1,0 78,9 -1,0 81,6 -8,0 74,8 -3,2 
S,-progeny 88,2 -1,0 87,0 -4,0 88,0 -14,0 84.4 -10.0 86,9 -7,3 
Stalk lodging (%) Full-sib 61.4 -3.6 52,7 -1,5 66,0 -6,6 68,0 -11,4 60,9 -3,3 61,8 -5 3 
Half-sib 46.9 -5,5 39,1 -1,1 71,0 -6,9 604 -8,7 54,4 -5,6 
Modified ear-to-row 61,4 -3,6 49,9 -1,1 59.7 -4,8 39,0 6.5 '59,7 -3,2 53,9 -3,8 
Reciprocal full-sib 1,9 65,1 -4,0 56,3 -11,6 55,4 -0.8 59,8 1,8 .59,2 -2 5 
S,-progeny 75,1 -4,1 52,7 -3,3 74,0 -8,6 '64,6 -4.3 708 -5,5 67,4 -5,2 
S,-progeny 67,8 -10,0 76,2 -8,8 78,0 -2,8 58,4 -4,1 70,1 -6,4 
Root lodging (%) l'ull-.sib }').<> -3,9 75,2 -5.7 37 6 -2,7 23,0 -2 8 60,5 -2,5 47,2 -3,5 
Half-sib 38.4 -9.6 49,6 -1,4 73,0 -3,9 14,4 -1,2 - 43,9 -4 0 
Modified ear-to-row 39,6 -3,9 59,4 -5,4 45,4 -0,5 0,0 -0,5 *59,0 -9,4 40,7 -3,9 
Reciprocal full-sib 1,2 0,3 31,4 02 53,3 -0,7 .50,3 -1,7 45 0 -0,1 
S,-progeny 63 8 -0,7 37,9 -0,4 46,0 -9,8 '86,7 -7.7 37,7 -0,6 54,4 -3,8 
S, -progeny 80,4 -6.5 59,3 -3,1 72,0 -4,9 66,9 -1 5 69.7 -4.0 
'tI k'sc cslimaies iniiy be hiuscd bccause ihc trails wcic only lucasuicd in one cn\ ironincnl ticcausc ofscvcie iiKlgin^ in tlic diIil-i cm iioiwiK'nlh 
Table 3. Observed mean grain yields for each cycle of seven selection methods and least 
squares estimates of response to selection in BSII maize population. Data combined over 12 
environments for So populations per se and testcrosses and 11 environments for the S| 
populations.^ 
Population 
type 
Selection Cvcle of selection 
method CO CI C2 C3 C4 
S,, populations per se Fuli-sib 4.69 4.72 4.76 5.13 5.17 
Half-sib 5.14 5.07 4.86 4.93 
.Mass'"' 4.75 4.98 4.67 4.96 
Modified ear-to-row 4.S9 5.08 5.28 5.51 
Reciprocal full-sib 4.64 5.36 5.34 5.20 
S| -progeny 5.02 4.81 4.96 5.11 
S; -progeny 4.91 5 50 5.14 5.59 
Testcrosses to BSll CO Fuli-sib 4.69 4.95 4.92 5.18 5.16 
Half-sib 4,98 5.02 5.01 5.23 
Mass 4.72 4.87 5.05 5.10 
Modified ear-to-row 4.92 4.96 5.19 5.34 
Reciprocal full-sib 5.34 5.33 5.25 5.28 
S, -progeny 4.89 4.82 5.14 5.28 
S: -progeny 4.69 5.53 5.43 5.67 
Testcrosses to inbred B79 Full-sib 6.25 6.21 6.12 6.59 6.42 
Haif-sib 6.44 6.34 6.30 6.66 
Mass 6.34 6.06 5.74 6.40 
.Modified ear-to-row 6.24 6.54 6.72 6.62 
Reciprocal full-sib 5.28 6.61 6.56 6.35 
S, -progeny 6.21 6.07 6.01 6.43 
S; -progeny 6.14 6.54 6.48 6.35 
Si populations per se Full-sib 3.20 3.18 3.16 3.35 3.32 
Half-sib 3.29 3.40 2.96 3.23 
.Mass 3.29 3.28 3.22 2.95 
.Modified ear-to-row 3.19 3.26 3.73 3.54 
Reciprocal full-sib 3.29 3.93 3.74 3.49 
S, -progeny 3.52 3.58 3.64 3.69 
S; -progeny 3.48 3.86 3.79 3.89 
•."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
'Check means, in Mg ha B79 .\ B77=6.30; B79 X Moi7 = 7.63; 873 X 895 = 5.95; 
B73 XMol7 = 7.17; 879= 1.67. 
'Standard errors for Cycle zeros are S.E..20'" for 8S1 ICO and S.E/IO'" for BSI ICO X 879 and for 
BSI ICO S,. 
'bo IS an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic tenn was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
^^The percentage response per cycle was calculated as the ratio of b| to the estimated CO intercept 
and multiplied by 100. 
•'Cycle not included in study. 
''C1,C2.C3, C4. and C5 correspond to cycles 2,4,6,8, and 10 for Mass selection only. 
46 
S.E. of Regression Coefficients^ Response % 
Response" C5 mean' bo b, b„ per year 
4.87 0.13 4.-3 0.0':'=0.02— - 0.03=0.01** 1.4 
0.08r=0.02— m  m  0.03=0.01** ;.6 
5.12 o.os^^o.oi-* — 0.03=0.01** 0.6 
5.50 0.17r0.02" -- 0.09=0.01** 3.6 
5.13 0.12-0,02— 0.06=0.01** 2.6 
5.21 0.09=0.02" m  0.05=0.01** 1.9 
— 0.21=0.02** 
-
0.07=0.0!** 4.5 
5.28 4.73 0.12^:0.02** 0.06=0.01** 2.5 
— 
0. [2=0.02— 
— 
0.04=0.01 ** 2.6 
4.98 0.04=0.01 ** — 0.04=0.01** 0.8 
5.56 0.16=0.02** -- 0.08=0.01** 3.3 
5.59 0.18=0.02** m m  0.09=0.01** 3.8 
5.20 0.11=0.02** — 0.06=0.01** 2.3 
— 0.25=0.02** 0.08=0.01** 5.2 
6.16 6.15 0.04=0.02* 0.02=0.01* 0.7 
— 0.11=0.03** — 0.04=0.01** 1." 
6.44 0.01=0.01 • 0.01=0.01 0.2 
6.69 0.13=0.02** — 0.07=0.01** 2.1 
6.69 0.09=0.02** « 0.04=0.01 ** 1.4 
6.73 0.06=0.02** m m  0.03=0.01** 1.0 
— 0.09=0.03** 
-
0.03=0.01** 1.4 
3.53 0.10 3.25 0.03=0.02* — 0.02=0.01* 1.0 
-0.02=0.02 — -0.01=0.01 -0.6 
3.16 -0.01=0.01 — -0.01=0.01 -0.4 
3.58 0.08=0.02** 0.04=0.01 — 2.4 
3.81 0.12=0.02** « » 0.06=0.01** 3.7 
3.^5 0.12=0.02** — 0.06=0.01 — 3.6 
— 0.19=0.02** m  0.06=0.01 — 5.S 
Table 4. Observed mean grain moisture for each cycle of seven selection methods and least 
squares estimates of response to selection in the BSl 1 maize population. Data combined 
over 12 environments for So populations per se and testcrosses and 11 environments for the 
S, populations. 
Population 
t>pe 
Selection Cvcie of selection 
method CO CI C2 C3 C4 
S,i populations per se FulUsib 237 228 227 231 224 
Half-sib 233 231 219 229 
Mass'' 225 226 206 215 
Modified ear-to-row 232 244 233 237 
Reciprocal full-sib 200 215 220 220 
Si -progeny 231 233 225 225 
S; -progeny 236 239 228 224 
Testcrosses to BSl! CO Fuil-sib 237 234 238 234 230 
Half-sib 235 241 232 234 
.Mass 232 232 218 231 
Modified ear-to-row 238 241 242 239 
Reciprocal full-sib 214 224 227 230 
S,-progeny 235 225 228 226 
S; -progeny 235 239 229 231 
Testcrosses to inbred B79 Full-sib 240 235 238 233 230 
Half-sib 239 238 230 242 
.Mass 239 234 220 236 
Modified ear-to-row 243 246 242 238 
Reciprocal full-sib 211 227 231 228 
S| -progeny 235 225 228 226 
S; -progeny 235 239 229 231 
St populations perse Full-sib 223 218 223 222 216 
Half-sib 220 219 208 221 
Mass 218 216 195 211 
.Modified ear-to-row 225 232 229 225 
Reciprocal full-sib 187 201 208 207 
S, -progeny 222 222 216 212 
Sj -progeny 228 227 219 217 
•."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
'Check means, in g kg B79 X B77 = 238; B79 X Mol7 = 212; 873 X B95 = 222; 
B73XMol7 = 211:879 = 210. 
'Standard errors for Cycle zeros arc S.E.j'20' " for BSl ICO and S.E'lO " for BSl ICO X B79 and for 
BSl ICO S,. 
^bo is an estimate of the CO mean; b) is an estimate of the average rate of response 
per cycle; b, is included to indicate when the quadratic term was significant. 
"Response per year calculated based on number of years to complete each cycle given previously 
"^The percentage response per cycle was calculated as the ratio of b, to the estiinated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
''C1,C2,C3. C4, and C5 correspond to cycles 2,4.6,8. and 10 for Mass selection only. 
48 
S.E. of Regression coefficients^ Response % 
response" C5 mean' bn b| b. per year 
222 ^ 2"'.08 234,9 -2.58=0.30" - -1.29=0.15** -1.1 
— • •  -2.68=0.40" 
— 
-0.89=0.13** 
-1.1 
211 -2.84=0.15** m  tt -2.84=0.15** -i.2 
226 -0.47=0.30 • * -0.23=0.15 -0.2 
218 -4.-8=0.30'* « « -2.39=0.15** -2.0 
221 -2.65=0.30** -1.32=0.15** -1.1 
— -1.82=0.40** s « -0.61=0.13** -0.8 
226 234,9 -1.10=0.30** « -0.55=0.15** -0.5 
— 0.02=0.40 -- 0.01=0.13 0.0 
230 -0.90=0.15** « « -0.90=0.15** -0.4 
233 0.80=0.30** • m  0.40=0.15** 0.3 
229 -2.09=0.30** m m  -1.04=0.15** -0.9 
225 -2.27=0.30** — -1.13=0.15** -1.0 
— -0.82=0.40** 
--
-0.27=0.13** -0.3 
221 238.7 -2.65=0.31** « -1.33=0.16** -1.1 
— -0.47=0.41 m  -0.16=0.14 -0.2 
230 -1.09=0.16** m  m  -1.09=0.16** -0.5 
232 -0.14=0.31 m  m  -0.07=0.16 -0.1 
233 -2.65=0.31** m *  -1.33=0.16** -1.1 
225 -1.58=0.:-1** - -0.79=0.16** -0.7 
— -1.37=0.41** 
--
-0.46=0.14** -0.6 
204 2.47 221.9 -2.08=0.37** m  m  -1.04=0.18** -0.9 
-1.76=0.49** «  -0.59=0.16** -0.8 
213 -1.67=0.18** « «  -1.67=0.18** -0.8 
219 0.78=0.37* • * 0.39=0.18* 0.4 
205 -4.77=0.37** m m  -2.38=0.18** -2.1 
214 -1.75=0.37** — -0.87=0.18** -0.8 
— -0.39=0.49 m m  -0.13=0.16 -0.2 
Table 5. Obsened mean stalk lodging for each cycle of seven selection methods and least 
squares estimates of response to selection in the BSl I maize population. Data combined over 
11 environments for all population types. 
Population Selection Cycle of selection 
t>"pe method CO CI C2 C3 C4 
So populations per se 
Testcrosses to BS! I CO 
Testcrosses to inbred B79 
SI populations per se 
Full-sib 20.0 18.8 15.3 I5.S ! 1.4 
Half-sib 19.6 OO
 
13.8 11.! 
Mass'' 22.1 21.2 22.1 23.0 
.Modified ear-to-row 19.3 14,1 13.6 11.5 
Reciprocal full-sib 22.1 19.3 17.5 20.2 
S] -progeny 1S.8 18.9 !3.6 13.1 
S; -progeny 18.7 13.3 13.1 11.S 
Full-sib 20.0 19.1 19.3 17.2 17.3 
Half-sib 18.6 18." 16.1 15.2 
.Vlass 20.0 21.7 21.8 21." 
.Modified ear-to-row 19.5 18.5 15.3 15.0 
Reciprocal full-sib 18.9 18.3 19.5 1S.2 
S) -progeny 18.3 20.8 15.S 15.3 
S; -progeny 18.8 13.9 15.4 14.8 
Fuil-sib 20.7 19.1 16.6 16.6 13.9 
Half-sib 19.8 18.8 15.1 15.1 
Mass 20.5 21.2 22.2 21.4 
Modified ear-to-row 21.3 17.3 17.6 16.4 
Reciprocal full-sib 19.8 18.3 17.8 19.0 
S| -progeny 19.7 18.4 16.6 15.2 
Si -progeny 18.2 16.4 15.6 13.8 
Full-sib 18.5 17.4 17.6 12.1 9.0 
Haif-sib 16.2 14.0 1 l.S 10.2 
•Mass 16.9 21.1 21.5 
CO 
Modified ear-to-row 16.6 13.7 11.0 11.2 
Reciprocal full-sib 21.9 16.8 13.2 IS.S 
S| -progeny 16.4 17.7 11.4 11.5 
Si -progeny 16.9 10.9 10.8 10.2 
•.'•significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
'Check means, m %; B79 X B77 = 18.6; B79 X Mol7 = 15.3; 873 X 895 = 11.2; B73 X .Mol7 = 7.2; B79 
'Standard errors tor Cycle zeros are S.E./20' " for BS 11 CO and S.E/'l O' " for BS 11 CO X 879 and for 
BSl ICO S,. 
'"bo is an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; b, is included to indicate when the quadratic term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
"The percentage response per cycle was calculated as the ratio of b, to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
''C1.C2.C3, C-i, and C5 correspond to cycles 2,4,6,8. and 10 for Mass selection only. 
9.4. 
50 
S.E. of Regression coefficients^ Response O /  / O  
response* C5 mean' bn b, per year 
J 
9.3 1.14 20.5 -2.15=0.16"'* — -1.08=0.08** -10.5 
-2.10=0.22** m  -0.70=0.07** -10.2 
24.1 0.33=0.08** — 0.33=0.08** 1.6 
10.6 -2.18=0.16** — -1.09=0.08** -1 O.­
22.S 0.01=0.16 • 0.01=0.08 O.I 
9.3 -2.02=0.16** - -1.01=0.08** -9.9 
— -2.44=0.22** 
-
-0.81=0.07** -11.9 
I3.S 20.5 -1.09=0.16** — -0.54=0.08** 
— -1.33=0.22** — -0.44=0.07** -0.5 
19.2 0.04=0.08 — 0.04=0.08 0.2 
16.0 -1.18=0.16** - -0.59=0.08** -5.8 
1S.7 -0.49=0.16** — -0.25=0.08** -2.4 
14.8 -1.18=0.16** ~ -0.59=0.08** -5.8 
— -1.76=0.22** • -0.59=0.07** -S.6 
14.9 20.8 -1.45=0.17** — -0.73=0.09** -7.0 
— -1.50=0.23** — -0.50=0.08** .7 -> 
21.6 0.10=0.09 — 0.10=0.09 0.5 
14,4 -1.19=0.1"** — -0.60=0.09** -5." 
16.~ -0.-8=0.1-** — -0.39=0.09** 
13.1 -1.44=0.1-** ~ -0."2=0.09** -6.9 
— -1.83=0.23** 
-
-0.61=0.08** -8.8 
S.9 0.97 18.9 -2.08=0.14** — -1.04=0.07** -11.0 
— -2.29=0.19** — -0.76=0.06** -12.1 
18.3 0.04=0.07 — 0.04±0.07 0.2 
11.8 -l.S7=0.14** m m  -0.93=0.07** -9.9 
i'^.O -0.51=0.14** — -0.26=0.07** -2.7 
8.9 -1.95=0.14** ~ -0.97=0.07** -10.3 
— -2.57=0.19** m  -0.86=0.06** -13.6 
Table 6. Observ ed mean root lodging for each cycle of seven selection methods and 
least squares estimates of response to selection in the BS11 maize populaiton. Data 
combined over 11 environments for all population t>pes/ 
Population Selection Cycle of selection 
type method CO CI C2 O 
S-) populations per se FuIl-sib 6.1 2.9 3.6 !." 
Half-sib 5." 3.2 1.5 
.Mass" " . 2  4.S 4.0 
.Modified ear-to-row 4.9 2." 4.2 
Reciprocal full-sib 2.0 3.6 2." 
S| -progeny 3.S 2.7 0.9 
S>-progeny 3.4 2.7 1.6 
Testcrosses to BSIl CO Fuli-sib 6.1 4.6 4.3 3.4 
Half-sib 4.8 5.2 3.4 
Mass 6.6 5.3 3.6 
.Vtodified ear-to-row 5.S 4.6 4.S 
Reciprocal full-sib 2.S 3.8 3.6 
SI-progeny 4.5 3.2 3.3 
S; -progeny 6.3 4.3 2.9 
Testcrosses to mbred B79 Full-sib 2.5 2.5 2.6 1.8 
Haif-sib 2.7 1.2 1.4 
Mass 2.4 2.7 2.5 
Modified ear-to-row 2.8 2.0 2.5 
Reciprocal full-sib 1.7 2.0 2." 
S,-progeny 2.6 1.2 1.4 
S,-progeny 3.2 1.1 1.9 
Si Populations per se Full-sib 5.9 5.1 4.0 4.1 
Half-sib 4.0 3.2 2.4 
.Mass 6.1 6.6 2.9 
Modified ear-to-row 6.5 4.6 4.7 
Reciprocal full-sib 3.2 4.8 3.1 
S|-progeny 4.1 5.5 0.8 
S; -progeny 4^8 1^4 3.1 
•.••significam linear or quadrauc response at the 0.05 and O.OI probability levels, respecnvely. 
Check means, in %• B79 X B77 = 1.5; B79 X Mo 17 = 0.9; B73 X B95 = 3.8; B73 X Mo 17 = 2.;; B79 =19. 
'Standard errors for Cycle zeros are S.E.. 20'" for BS! 1 CO and S.E'10'" for BSl 1 CO X B79 and for BS I ICO S|. 
'bo ts an esnmate of the CO mean; b, is an esumate of the average rate of response 
per cycle; b, is included to indicate when the quadrauc term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
"The percentage response per cycle was calculated as the ratio of b| to the esumated CO intercept and multiplied 
by 100. 
"Cycle not included in study 
^''C1.C2.C3. C4, and C5 correspond to cycles 2.4.6,8. and 10 for Mass selection only. 
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Table 7. Least squares estimales of response per eycle lo seven seleclion methods for five agronomie traits in the BSl 1 nuii/.e 
population. Values in parentheses are pereenlage responses per eyele'. 
Population Sclcclioii  
inctliod riant 
Hcitiht 
Kar Top 
Dropped 
ears 
(•rowing 
cm 0/ /n " ( •  
S|,  pupulutiuiis per se i'ull-sib •5JS** (-2.4) -6.1 (-4.6) 0.38** (0.3) -0.06 (-5.9) •S.OS** (0.9) 
Half-sib -5,()7*» (-2.1) -A.14** (-3.6) -0.34** (-0.3) -0.01 (-0.7) -8.94** (-1.0) 
Muss -() .18 (-0.1) 0.02 (0.0) -0.18 (-0.2) 0.00 (-0.3) -2 10** (-0.2) 
Mudillcd ear-lo-row -l .()5** (-0.4) -2.I7** (-16) I.IO** (1.0) 0.01 (14) •3.68** (-0.4) 
Reciprocal full-sib -2.85** (-1.2) -2.23** (-1.7) -0.64** (-06) 0.03 (29) -9.8.S** (11) 
S,-progeny -8,()7** (-3.3) -6.52** (-4.9) -1.59** (-14) -0.09** (-9.3) -I6.30** (-1.8) 
S,  -progeny - } ( > ( ) * *  (-1.5) -3.87»» (-2.9) 0.21** (02) 0.10* (10.6) -12.16** (1.4) 
I cslcrosscs to HSI1 CO lull-sib -2.\b** (-0.9) -2. ( i ( ) * *  (-2.0) 0.47** (0 4) 0.02 (1.7) -3.78** (0.4) 
llulf-sib -1.2()** (-0.5) -i .yo** (-1.4) 0.73** (07) 0.02 (1.7) -1.55 (-0.2) 
Muss 0.64 ••  (0.3) 0.41»* (0.3) 0.25** (0.2) 0.00 (0.3) 0.14 (0.0) 
Modified ear-(o-row 0.61* ("2) •0.34 (-0.3) 0.96** (0.9) 0.02 (2.5) 0.26 (0.0) 
Reciprocal I'ull-sib -0.53* (-0.2) -I.IO** ( • ( ) . « )  0.61** (0.5) 0.05 (5.5) -4.90* * (-0 6) 
S|-progeny -3.8I** (-16) -3.54»* (-2.7) -0.27 (-0.2) -0.04 (-3.7) -10.39** (-1.2) 
Si -progeny •0.82* (-03) -1.53*^ (-1.2) 0.72** (0.6) 0.08 (7.8) -4.57** (-0,5) 
1 cslcrosscs U) i i ibrcd H7y l"ull-sib -2.00* •  ( - ( ) . ' ; )  -2.5V* •  (-2.0) 0.59** (06) -0.01 (-10) -3.47** (-0.4) 
llall '-sib -0.75* (-0.3) -I.78** (-1.4) 1.02** (1.0) -0 01 (-1.3) -2.47* (-0.3) 
Muss 0.3 !•  (0 1) 0.07 (0.1) 0.22* (0.2) -0.02 (-2.5) 0.19 (OO) 
Modified car-lo-row O.'X)** (0.4) 0.06 (0.0) 0.83** (0.8) -0.01 (-1.0) •0.09 (0,0) 
Reciprocal full-sib -0.33 (-0.1) -0.64* (-0.5) 0.30 (0.3) 0.04 (4.7) -3.44** (-0 4) 
S|  -progeny -2.^)1** (-13) -2.8'>** (-2.3) -0.13 (-0.1) -0.07* (-8.9) •6.71** (-0.8) 
Sj -progeny -0.13 (-0.1) -1.43** (-1.1) 1.32** (1.3) 0.02 (2.9) -3.4S** (-0.4) 
S|  populiil ions per sc I'ull-sib -3.02** (-1.4) -3.77** (-3.5) 0.73** (0.7) -0.05 (-7.1) -5.53** (-0.6) 
Half-sib -2.40** (-1.2) -2.31** (-2.1) 0.00 (0.0) -0.03 (-4.8) -1.62 (-0.2) 
Mass -0.07 (0.0) -(),()9 (-0.1) 0.01 (0.0) •0.01 (-16) -Oil (OO) 
Modified ear-lo-row 1.30*» (().(>) -0.01 (0,0) 1.32** (1.3) -0.02 (2.1) -0.12 (OO) 
Reciprocal full-sib -1.70** (-0.H) -1.20** (1.1) -0.45* (-0.4) -003 (-4.7) -6.14** (-0.7) 
S,  -progeny -5.94** (-2.8) •4,92** (-4.6) -0.95** (-0.9) -003 (-4.7) -I0.53** (-1.2) 
S) -progeny -2.04** (-1.0) -2.53** (-2.3) 0 54 (0.5) 0.02 (2.8) -11.15** (-1.2) 
*,**sjgnificanl linear response at the 0 ()5 and O.OI piobubihty levels, lespeclively 
'Hie pereenlage lesiuinse per eyele was calculated as the latio ol bi to the estnnated CO inlciccpt ami nuilliiilied by 100 
Table 8. Inbreeding depression in uclual units and percentage (in parentliesis) for seven selection methods in tlie BSl 1 inui/e 
population for four traits upon which selection was practiced. 
Sflection nictliud 
Modiricd Reciprocal S,  Sj 
Trait Cycic I'ull-sib l lair-sib Mass car-lo-row fll l l-Sil)  progeny proKcny 
(irain yield (Mg ha ')  CO '(29.4) 
C I  l.V)** (30.4) I.67** (33.7) 1 24** (27.4) I. .54** (32 6) I.13** (25.6) 1,33** (27,4) 1.20** (25 6) 
V2 \A4** (31.3) 1.41** (29.3) 1.45** (30.7) 1.66** (33.7) 1.33** (25.3) 1 ()3*» (22,3) 1.42** (26.9) 
Ci \.S9** (32.2) 1.80** (37.8) 1.27** (28 3) 1.43** (27.7) 1 39** (27.1) 1,19** (24,6) 1.27** (25.1) 
("4 (34.0) 1.53** (32.1) 1.85** (38.5) 1.78** (33.5) 1.57** (31.0) 1 25** (25,3) 1.58** (28.9) 
C'5 1.17** (24.9) ... .... 1.70** (35.0) 1.74** (32.7) 111** (22.6) 1,38** (26,9) .... .... 
(irain moisture (g kg ')  CO 17*» (7.1) 
CI 13*» (5.6) 16** (6.8) lO** (4.4) 9** (3.8) 15** (7,4) 12** (5,1) 11** (4.6) 
C2 5 (2.2) 15** «).4) 12** (5.3) 14** (5.7) ! ( ) • •  (7.4) 13** (5.5) 15** (6 2) 
C3 II** (4.7) 13** (5.9) 13** (6.3) 6 (2.6) 15** (6.7) II** (4.8) 11** (4.8) 
C4 to** (4.4) i)** (3.9) () (2.8) 14** (5.9) 15** (6.8) 15** (6.6) 10** (4,4) 
C5 20** (8.9) .... .... 1 (0.5) 10*» (4.4) !(»•• (7.2) 10** (4.5) .... .... 
Stalk lodging (%) CO 3.3* (15.9) 
CI 3.4* (17.3) 5.5** (26.7) 6.6* * (28.2) 4 6** (22.4) 3.1* (13.3) 4 4** (22.0) 3.3* (16,9) 
C2 -0.2 (-1.3) 5.5** (28.8) 2.7 (12.3) 1.2 (8.3) 4.2** (20.6) 3,3** (16.6) 3.3* (23,6) 
C3 (28.4) 3.3* (22.6) 2.8 (12.3) 4.0** (27.4) 6.1** (32.6) 3,0* (20.8) 2.3 (17,4) 
C4 3.3* (27.5) 1.9 (15 7) 6.r* (25.4) 0.8 (6.7) 3.9* (18.1) 3,3* (23.2) 2.9 (23,2) 
C5 1.0 (10.1) .... .... K.5** (32.9) -0.3 (-2.7) 7.5** (31.9) 1,9 (19.2) .... .... 
Root lodging (%) CO 0.4 (6.3) 
CI -2.2 (-71.0) 2.1 (35.0) 1.9 (25.0) -1.5 (-.U).0) -10 (-45,5) 0,2 (-5,0) 11 (-2'J,7) 
C2 0.0 (0.0) 0.0 (0.0) -1.9 (-40.4) -13 (-43.3) -1.1 (-29.7) -2,7* (-93,1) 0.7 (24 1) 
C3 -2.1 (-116.7) -0.8 (-.50.0) 1.6 (37.2) -0 2 (-4 5) -0.2 (-6.9) 0 1 (11.1) -1.2 (-66.7) 
C4 -0.9 (-112.5) -1.2 (-109.0) 0.8 (13.1) -1.7 (-77,3) -1.6 (-42.1) 0 1 (12,50) 0.8 (29,6) 
C5 0.4 (22.2) .... .... 0.0 (0.0) -0.4 (-14.8) 1.6 (35,6) 0,2 (28.6) .... 
*** .Significanl at the 0.05 and 0.01 piobabili ly level,  respectively. 
'ci  and t"5 correspond to cycles 2,4,6,8,  and 10 lor Mass selection only. 
'  The pereenlage inbreeding depression was calculated by dividing inbreeding depression in absolute units by the noninbred mean and 
nuiltiplying by 100. 
Table 9. Cumulative selection dilTercnlials (Cum. S), predicted gain, realized heritabilities (bold italics), and correlated 
lieritabilities ofsix selection methods and four progeny types in the liSl I maize population. 
Realized licritatil lHy 
Cuiii .  Predicted Populations Crosses to Populalloiis 
'Irail  Method S sain' per sc CO M79 selfed 
(irain yield (Mg ha ')  l-ull-sib 3,K() 2,52 9.i±2.i 
% 
15.112.3 5.912.4 4.612,0 
llall"-sib 2.6') 1.31 12.413.5 18.513.5 15.03.7 -1,513,0 
Modified cur-li)-row 3,38 1.89 25.6i:2.6 23.212.6 18,812,8 11.912,3 
Keciprocal full-sil)  5.31 3.19 12,611,8 17.411.8 9.01 1,9 12.11 1.5 
S|  -progeny 3.52 2.50 12.612.4 14.912.4 7.512.5 /6.l±2.l 
Si -progeny 4.74 4,11 18.012.0 20.612.0 7.012.1 /6./ i / .7 
(iruin moisture (g kg ')  )'ull-sib -24.0 -18,3 41.616.2 24.616.2 45,4 K),3 25.317.5 
llalf-sit)  2.0 0.9 . . . .  
Modified car-to-row -27,(» -19.7 2.4U.2 -9.7i6 2 0.2(6.3 -25 817,4 
Reciprocal full-sib -13.0 -6.8 NA' NA NA NA 
S| -progeny -16.0 -12.4 73.2110.9 85.4110.9 38 , 9 1  11.1 mi ±111 
S. -progeny -2'>.() -25.1 24,416,1 17.816.1 16.216.2 -0.917.4 
Slalk lodging (%) Full-sib -26,4 -17.1 40.I±.U 18,313.2 25.513.3 .VJ.li2,8 
l ialf-sib -22.2 -13.2 39,814,4 22,714,4 26.7U.5 41.713.8 
Modified car-lo-row -l') .2 -10,1 S4.U4.4 27,314.4 28.514.6 45.513.9 
Reciprocal full-sib -13.8 -7.4 NA NA NA NA 
S| -progeny -25.8 -17.9 38.213.3 20.613.3 26.113.4 J6.n2.9 
Si -progeny -25,7 -IS.I 31.913.1 22.213.1 23.113,2 n.6i:2.7 
Root lodging (%) l-i i l l-sib -17,6 -9.0 26.9i:2.9 18.812.9 4,51 3.0 19.913.8 
llalf-sib -16,1 -7,4 22.613.1 16.113.1 5.7±.?.. '  19.414.1 
Modified ear-to-row -19.7 -10.5 I8.9U.I 11.713.1 0.313.3 9.914.1 
Reciprocal fi i l l-sib -1.0 -0.5 NA NA NA NA 
S| -progeny -10.2 -12.0 28.212.8 23.512.8 8.512.9 27.9iJ.6 
S,-progeny -16.0 -11.6 24.413.3 16,213,3 3.213.5 20.7£4.3 
V.'ulcululcd by nmltiplyuig h" (Tuble I) by S for ciitli cytlc and siininiing over cycles When li" vva.s nol given, Ilie value fiii ihe mean li" foi llie 
purticuiur selection mclhud wus used. 
'Values not reported because of inconsistent direction ol selection dilferentuil among cycles causing landom llucation ot cunuilaleil S aiouiul /eio ovei 
cycles of selection. 
'.Selection was not directly practiced for these tiaits in the I K piogiam causing laiuloni lluctuations of the cumulated S 
l ablc 10. Ciaiii cyclc ' and year ' for Ihe populations per se along with costs for a one unit increase in 
grain yield and the number of years needed to achieve this increase. All costs and times are based on rales 
of gain and selection techniques used for the BSl 1 maize population presented in our study only. 
Sclcction 
method 
Cain per 
cycle 
Gain 
year' 
Ave. cost 
cycle' 
Ave. cost 
year" 
Cost unit'  
of gain' 
Time (o 
achieve one 
unit of gain^ 
Return 
on 
investment' 
Mg ha ' Mg ha '  $ Cycle '  $ Yr. '  Vr. Mg ha '  $ '  
X 10^ 
I'ull-sib 0.067 0.033 6,700.00 3,350.00 100,250.1« 30 1 (K) 
Half-sib 0.075 0.025 14,300.00 4,766.67 190.058.23 40 0.53 
Mass 0.02'; 0.029 35000 350,00 12.122.89 35 8.25 
Modified ear-to-row 0.172 0.086 6,650.00 3,325.00 38,720.89 12 2.58 
Reciprocal full-sib 0.124 0.062 12,100.00 6,050.00 97,212 80 16 1.03 
S|  -progeny 0.091 0.046 7,300.00 3,650.00 79,887.68 22 1.25 
Sj -progeny 0.212 0.071 10,300.00 3,433.33 48,529.94 14 2,06 
'calculated by taking cost cyclc '  divided by the number o( years required to complete one cycle 
'One unit ut'Gain is equal tu a one Mg ha '  increase in grain yield. Calculated as 
the cost divided by the gain cycle ' .  
^"alculaled as the inverse of gain cycle '  multiplied by the mimber of years required per cyclc.  
"Calculated by taking gain cycle '  divided by the total cost cycle '  
"All calculations were made assuming a cost of SlO.Ul) per nursery tow, $15.00 pet wintei nursery 
row, $10.00 per yield trial plot and a cost of an average si/ .e isolation or$.^5().00 
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Abstract 
The number of lines recombined in a recurrent selection program affects genetic variation 
remaining after selection as well as the selection intensity. Both of these variables are 
important in establishing and maintaining a desirable rate of progress from recurrent 
selection. Little empirical evidence is available in maize (Zea mays L.) to establish the 
appropriate effective population size for recurrent selection programs. The objective of this 
study was to compare the response to S,-progeny selection in four selection programs (5-S,. 
10-S,, 20-S,, and 30-S,). Each program had different numbers of individuals intermated (5. 
10, 20. or 30) with a common selection intensity of 20%. Four cycles of selection were 
completed for the 5-S,. lO-S.. and 30-S, programs and five cycles of selection were 
completed for the 20-S, program. Grain yield increased significantly for the 10-S,. 20-S,. 
and 30-S, programs, and there were no significant differences in rates of response among 
programs. Grain yield decreased signficantly in the 5-S, program. All four programs 
improved significantly for grain yield of testcrosses with BSllCO and the inbred 079. These 
results suggest that drift becomes a stronger force in altering allele firequencies than selection 
when fewer than 10 lines are recombined. There does not seem to be an advantage, at least in 
the short term, of recombining more than 10 lines per cycle of selection. 
Introduction 
Recurrent selection methods have been widely used by maize {Zea mays L.) breeders 
for population improvement and for genetic experiments to compare empirical results with 
those of quantitative genetic theory. Maize breeders using recurrent selection methods have 
two goals in mind; improvement of population mean performance and maintenance of 
genetic variation for continued selection. Recurrent selection is a cyclical breeding system 
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involving three steps (development of progenies, evaluation and selection of progenies, and 
recombination of selected progenies), each of which is vitally important and can dramatically 
influence progress toward goals of the recurrent selection program. The number of 
individuals recombined each cycle of selection has been one of the major concerns of long-
term recurrent selection programs. 
The number of individuals recombined in the recurrent selection program along with 
the breeding structure of the population, directly impacts the effective population size. The 
effective size of a population of individuals was described in Falconer and Mackay (1996) as 
"the number of individuals that would give rise to the calculated sampling variance, or rate of 
inbreeding, if they bred in the manner of the idealized population." Or. as described by 
Kimura and Crow (1963), the effective population size is "the number in an idealized 
population in which each individual has an equal number of expected progeny." In this 
manner, the effective population size is directly related to the true population size and the 
breeding structure of the individuals. The concepts and consequences of effective population 
size have been previously discussed (Robenson. 1960; Baker and Cumow, 1969; Vencovsky, 
1978; Enfield. 1980). With finite population sizes, the danger exists that an allele might 
become fixed in a population by chance even though there was a more desirable allele present 
in the population (Robenson, 1960). Problems associated with finite population sizes, such 
as the fixation of undesirable alleles due to random genetic drift, have been demonstrated 
theoretically and empirically to affect response to selection and ultimately, the limit to 
selection response (Robertson, I960; Frankham et al., 1968; Baker and Cumow, 1969; 
Enfield, 1980). The key for the plant breeder is to use an appropriate population size that 
will maximize both short- and long-term responses. The balance would be to recombine few 
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enough individuals that a reasonable response could be expected in the short-term, but not 
too few that a sharp decrease in genetic variance would compromise long-term genetic 
progress. Also, if too few individuals were intermated, the forces changing allele frequency 
would be primarily random genetic drift rather than selection. 
Traditionally maize breeders have recombined between 10 and 25 individuals in 
recurrent selection programs. In recurrent selection programs where only 10 lines were 
recombined, random genetic drift has been shown to be a significant factor in limiting the 
response to selection (Smith. 1983. 1984: Helms et al.. 1989). However, even in recurrent 
selection programs where drift has been shown to be an important factor, significant progress 
has been made without exhausting genetic variance (Holthaus and Lamkey, 1995; Labate et 
al., 1997). Garay et al. (1996) reported on recurrent selection experiments where 10 lines 
were recombined and reported that drift was not a significant factor. Rawlings (1979) 
suggested that an effective population size of 30 would be reasonably adequate for most 
genetic systems to achieve a balance between short- and long-term goals and that 
maintenance of genetic variation should only be a concem if it doesn't compromise response 
to selection. Baker and Cumow (1969) suggested that recombining at least 16 individuals 
would not result in selection limitations in less than 30 generations, while there was no point 
in using more than 16 individuals when short-term genetic progress was the main concem. 
Frankham et al. (1968), however, found that larger population sizes gave more response to 
selection and warned that the effects of finite population size should not be ignored even in 
the short term. Hallauer (1992), after reviewing literature on effective population sizes, 
suggested that approximately 25 to 35 progenies should be intermated for maize recurrent 
selection programs. 
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Our study was designed to compare the responses to S,-progeny selection conducted 
by using four effective population sizes with the same selection intensity. .Maize breeders are 
interested in determining which effective population size and selection method will give the 
greatest response to selection. In other words, how many individuals should be intermated to 
provide the best compromise between selection response, loss of genetic variance, and 
inbreeding depression due to random genetic drift. Comparisons of this type have been made 
for Tribolium (Enfield, 1980), Brassica (Lascoux et al.. 1994), Drosophila (Frankham et al.. 
1968) and maize (Darrah, 1986). Additional information comparing response to selection 
conducted by using a range of effective population sizes in maize is needed. Hence, the 
objective of our study was to compare the response to S,-progeny selection conducted while 
intermating four different numbers of individuals with similar selection intensities. 
Materials and Methods 
Geaetic Material Development 
The BSl 1 population, originally designated as 'Pioneer Two-ear Composite', was 
developed by VV. L. Brown at Pioneer Hi-Bred Int'l. It is a genetically broad-based 
population developed by crossing southern prolific germplasm with U. S. Com Belt lines 
(Hallauer, 1967). After 10 cycles of mass selection for adaptation and prolificacy, BSl 1 is 
adapted to the central Com Belt and has potential as a source population from which to 
derive inbred lines. 
The effective population size study described herein was conducted and evaluated as 
a portion of a larger recurrent selection methods experiment (Weyhrich et al., 1998). Four 
separate S,-progeny selection programs were conducted utilizing BSl I Cycle 0 (BSl ICO) in 
which 5,10, 20, or 30 lines were intermated to form the next cycle of selection. The 
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programs in which 5. 10. 20, or 30 lines were recombined will hereafter be referred to as 5-
S1, 10-S1. 20-S1. and 30-SI, respectively. 
A cycle of selection in the 5-Sl program was conducted by growing the population 
per se in winter nursery and selfing 25 to 50 S,, plants. Ears from the 25 most desirable plants 
were harvested. The following season in Iowa, the 25 S, lines were grown in replicated yield 
trials generally at three locations with two replications per location. Based on yield trial 
results, the best five lines were selected for recombination. Selection of progenies for 
recombination from replicated yield trials was based on a selection index composed of gram 
yield, grain moisture at harvest, and resistance to stalk and root lodging. The index was 
weighted by the heritabilities of each of the four traits (Smith et al. 198 la. b). Remnant S, 
seed from the selected lines was planted in winter nursery and recombined using the bulk-
entry method (Hallauer. 1985). The resulting Syn-1 population was random mated, by chain 
sibbing 300 to 400 plants, to form the Syn-2 population. The Syn-2 population was used to 
initiate the next cycle of selection. 
Selection was conducted for the 10-Sl program in a manner similar to that described 
above for 5-SI except that 50 S, lines were evaluated in replicated trials and 10 lines were 
recombined each cycle. Likewise. 20-Sl selection was conducted by evaluating 100 S, lines 
with 20 lines selected each cycle for recombination. Selections in the 30-S 1 program were 
made from replicated trials consisting of 150 S, lines with 30 lines being recombined each 
cycle. Thus, although the number of lines evaluated and intermated varied among the four 
programs, the selection intensity for all four selection programs was 20%. Four cycles of 
selection in 5-Sl. 10-51, and 30-Sl and five cycles of selection in 20-Sl were completed and 
were included in our evaluation. Index selection was used for all programs except for the 
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first two cycles of 5-S 1. 10-S 1. and 30-S I where selection was conducted only for grain v ield 
adjusted to 155 g kg ' grain moisture. 
Effective Population Size Program Evaluation and Procedures 
In the 1991 breeding nursery, seed of the populations per se and populations per se 
selfed were produced for the CO to C5 of 20-Sl and CO to C4 of 5-Sl. lO-Sl. and 30-Sl. 
Each of the populations per se was also topcrossed to BSl ICO and inbred B79 in isolation 
plots. Seed of the populations per se and populations per se selfed was produced by chain 
sibbing or selfmg = 160 plants. The topcross seed was produced by using = 160 plants of the 
populations as females and the testers as males. Equal quantities of seed were bulked from 
each ear to form all types of populations. 
The noninbred (S^- populations per se, testcrosses to BSl ICO, and testcrosses to 879) 
and inbred (S, - populations selfed) materials were evaluated in separate experiments grown 
in central and southern Iowa. Both experiments were conducted at .Ames, Ankeny, 
Crawfordsville, and Maninsburg, lA, in 1992 and 1993 as well as Ames, Chariton, 
Craw fords vi He, and Fairfield, lA, in 1994. Due to poor stands, data were not obtained for the 
inbred experiment at Chariton in 1994. 
The entries included in the noninbred experiment were the populations per se, for all 
cycles of selection of each effective size program, population crosses to BSl ICO, and the 
population crosses to inbred B79. Multiple entries of BSl ICO (20 per replication) and 
BSl ICO X B79 (10 per replication) were included to give a more precise estimate of the 
starting point for the effective population size selection programs and to minimize 
correlations among regression coefficients. The entries were evaluated in a 13 X 13 partially 
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balanced lattice design with five replications at each location and year combination 
(environment), except for Chariton 1994 where only four replications were evaluated. 
The inbred experiment included multiple entries of BSl ICO selfed (10 per 
replication) and the populations per se selfed for each cycle for all selection programs. The 
inbred materials were evaluated in a 7 X S rectangular lattice with five replications per 
environment. 
For both experiments, a plot consisted of two machine-planted rows 5.49 m in length 
with 0.76 m between rows. Plots were overplanted and thinned to a uniform stand densir\' of 
approximately 62 124 plants ha '. All experiments were machine cultivated and'or hand 
weeded as necessary to maintain proper weed control. All plots were machine harv ested with 
no gleaning of dropped ears. 
Data were collected on ail replications for machine-harvestable grain yield (Mg ha ') 
adjusted to 155 g kg ' grain moisture, grain moisture (g kg") at harvest, final stand (1 000 
plant ha '), root lodging (percentage of plants leaning greater than 30° from vertical), stalk 
lodging (percentage of plants broken at or below the primary ear node), and dropped ears 
(%). Plant, ear, and top height were measured on two replications at each environment 
except for .Axnes 1993 in the noninbred experiment, which was not measured. Plant and ear 
height were recorded as the average of measurements on 10 competitive plants per plot and 
measiu'ed as the distance from the soil surface to the node of the flag leaf and to the highest 
ear bearing node, respectively. Top height was calculated as the difference between plant 
height and ear height. Growing degree units (°C) to 50% silk emergence were recorded on 
two replications at Ames in 1992, 1993, and 1994. Growing degree units ( °C) were 
calculated as: [(daily maximum temp. - daily minimum temp.)/2]-10, where the maximum 
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and minimum limits for calculation purposes were 30 and 10^ C. respectively (Shaw. 1988). 
Due to excessive lodging, root lodging, stalk lodging, and dropped ears were not measured at 
.\mes in 1992 in the noninbred experiment. .\lso. data for grain yield, grain moisture, root 
and stalk lodging, and dropped ears were recorded on only three replications for the inbred 
experiment at Maninsburg in 1992. 
Statistical .\nalysis 
The analyses of variance for individual environments were calculated according to the 
analysis for a square or rectangular lattice for the noninbred and inbred experiments, 
respectively. Entr\' means in each environment, adjusted for lattice block effects, were used 
to compute an unweighted analysis of variance combined over environments. For further 
analysis, the populations per se, population crosses, and selfed populations were separated 
into three regression groups based on common CO genotypes. Group one included all cycles 
of selection of the populations per se and the population crosses to the CO since they all have 
BS11 CO as their common CO genotype. Group two included all of the populations crossed to 
B79, which have BSl ICO X B79 as the common CO genotype. The third group included all 
of the selfed populations per se, which have BSllCO selfed as the common CO genot>75e. 
The sums of squares for each group were partitioned in a manner similar to the procedure 
described by Eberhart (1964). Responses for all foixr selection methods were fit 
simultaneously through the common CO intercept by using weighted least squares regression 
with the weight being the variance of cycle means from the combined analysis of variance. 
Multiple CO entries for each regression group allowed the common CO intercept to be 
weighted more heavily than all other points, with the later cycle means having equal weight 
for all methods. Standard errors for the regression coefficients were obtained by taking the 
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square root of the appropriate diagonal element of the (X'W"'X)'' matrix where W is a matrix 
with the variance of cycle means on the diagonal and zeros on the off-diagonal and X is a 
matrix of the number of cycles of selection conducted for each method. Estimates of the 
average response per cycle were obtained from the linear regression coefficients from the 
model containing only the linear term for each method, .\verage response per year was 
calculated by dividing the average response per cycle by the number of years required to 
complete a cycle of selection. Percentage response per cycle was calculated as the ratio of 
the linear regression coefficient to the estimated CO intercept and multiplied by 100. 
For the purposes of calculating inbreeding depression in absolute units and its 
associated parameters, cycle means were combined for only those environments where the 
particular trait of interest was measured on both the inbred and noninbred e.xperiments. 
Inbreeding depression in absolute units was calculated as the S„ minus the S, cycle means. 
Percentage inbreeding depression was calculated by dividing inbreeding depression in 
absolute units by the noninbred mean and multiplying by 100. Standard errors for inbreeding 
depression in absolute units were calculated as the square root of the sum of the variance of 
noninbred and inbred cycle means (Lamkey and Smith, 1987). Significance of inbreeding 
depression was tested by a /-test with the degrees of freedom associated with the /-statistic 
approximated as given by Satterthwaite (1946). 
Cumulative selection differentials were calculated by summing the selection 
differentials over all cycles of selection. Predicted gain was calculated by multiplying 
heritability (h") by the selection differential for each cycle and summing this product over all 
cycles of selection. When h" for an individual cycle and method was not available, the mean 
h" over all cycles was substituted in the calculation of predicted gain. Realized heritabilities 
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were calculated as proposed by Falconer (1954) and later reviewed by Hill (1972) and 
Nyquist (1991). where the cycle means, or cumulative responses, were regressed on the 
cumulative selection difTerential. Again, weighted least squares regression was used and 
because no replicate programs were conducted, the standard errors for the realized 
heritabilities were calculated in the same manner as the standard errors for the regression 
coefficients for linear responses. 
Results and Discussion 
Selection Trial Results 
Mean heritabilities for grain yield in the selection trials were consistent among the 
four S,-progeny programs ranging from 68.5 (20-Sl) to 74.9% (5-Sl) (Table 1). Mean 
selection differentials for grain yield were high and ranged from 0.70 (20-S1) to 1.26 (5-S1) 
Mg ha"'. The selection differential was the smallest for 20-Sl for all cycles of selection 
except for Cycle 3. Heritabilities and selection differentials for grain moisture, stalk lodging, 
and root lodging are not given for the 1st two cycles of 5-S I, 10-Sl, and 30-Sl programs 
because these traits were not measured. Mean heritabilities for grain moisture ranged from 
73.9 (5-Sl) to 82.8% (30-Sl). Average selection differentials for grain moisture in the 10-
Sl, 20-S I, and 30-SI programs were all in the desired direction and as high as -7.0 g kg' 
while the average selection differential for the 5-Sl program was 6.5 g kg"' and moving in the 
wrong direction. Average heritabilities for stalk lodging were similar over all programs (67.5 
to 75.3) and mean selection differentials were also similar ranging from -5.0 to -6.5%. Mean 
heritabilities for root lodging in the selection trials were erratic and varied from 18.4 (5-Sl) 
to 72.3% (30-Sl); mean selection differentials ranged from -3.8 (20-Sl) to -12.9% (10-Sl). 
Differences between the selection differentials in 20-Sl and 10-Sl can be explained by the 
selection in the Cycle 2 populations where selection differentials were large in the 5-Sl. 10-
Sl, and 30-Sl programs and relatively small in the 20-Sl program. The differences between 
selection differentials may be because the 20-Sl program was not evaluated for selection in 
the same years each cycle as the 5, 10. and 30-Sl programs. 
Responses to Direct Selection 
Selection differentials and heritabilities indicate that significant response to selection 
for grain yield was expected in each of the selection programs (Table I). There were 
significant increases in grain yield for the SO populations per se over cycles of selection (0.09 
to 0.15 Mg ha ') for lO-Sl, 20-SI, or 30-Sl selection programs (Table 2 and Fig. lA). The 
responses for these three programs were not significantly different from each other. When 
only five superior lines were intermated (5-Sl), the result was a significant decrease in grain 
yield of -0.22 Mg ha ' cycle"' or a 4.6% decrease cycle '. 
In testcrosses to the BSl ICO, all four programs showed significant increases in grain 
yield ranging from 0.11 (20-Sl) to 0.22 (30-Sl) Mg ha ' cycle '(Table 2). Testcrossing to 
BSl ICO removes the effects of genetic drift by restoring heterozygosity to those loci that 
may have become fixed in the population by drift. These crosses show that progress has been 
made in the 5-Sl program even though the effects of drift have most likely overwhelmed any 
progress made from selection in the population per se. All four selection programs showed 
significant and statistically equivalent increases in B79 testcross response (0.06 to 0.12 Mg 
ha"'). The populations selfed represent the direct response to S,-progeny selection. Grain 
yield responses in the selfed populations were significant in the desirable direction for the 10-
Sl, 20-Sl, and 30-Sl programs while a significant decrease of-0.11 Mg ha ' was found for 
the 5-Sl program. 
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Grain moisture decreased significantly in the populations per se for all four selection 
programs (Table 3 and Fig.IB). Intermating only five lines resulted in the smallest response 
for grain moisture while intermating either 10 or 30 lines resulted in significant decreases in 
grain moisture of equal to or greater than -3.35 g kg' cycle"'. The responses in the BSllCO 
testcrosses were in the desired direction for the 10, 20. and 30-SI programs and were similar. 
The BSllCO testcross of the 5-Sl populations to the CO revealed a trend for an increase in 
grain moisture over cycles of selection of 2.55 g kg ' cycle"'. The trends for grain moisture 
responses in the testcrosses to B79 and the selfed populations likewise followed the same 
pattern as those for the crosses to the CO. 
Responses to selection for decreased stalk lodging were in the desired direction in all 
four programs and for all population types (Table 4). In the populations per se, the 20-S1 
program showed the greatest response to selection (-2.02% cycle"') while the 10-Sl and 30-
S1 programs showed significant decreases as well. The 5-Sl program showed no response to 
selection for reduced stalk lodging and, similar to grain moisture in the 5-S1 program, lagged 
behind the other three programs. The BSllCO testcrosses resulted in significant decreases in 
stalk lodging with the 20-Sl having a significantly greater response than the other three 
programs while the 30-Sl program showed no response. In both the B79 testcrosses and the 
selfed populations, all selection programs had significant decreases in stalk lodging. 
Root lodging responses were erratic among the four selection programs and foixr 
population types (Table 5). The 5-Sl, 20-Sl, and 30-Sl programs resulted in significant 
decreases in root lodging in the populations per se of-0.42, -1.26, and -0.33% cycle"', 
respectively. The 10-Sl program showed no response to selection in any of the four 
population types. The only program that resulted in a significant decrease in root lodging in 
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the BSI ICO and B79 testcrosses was the 20-SI program. Intermating 20 to 30 lines resulted 
in significant decreases in root lodging in the populations selfed as well. 
Correlated Responses 
S,-progeny selection for increased grain yield, reduced grain moisture, reduced stalk 
lodging, and reduced root lodging resulted in significant changes in other important 
agronomic trails as well (Table 6). Index selection resulted in significant decreases in plant 
and ear height in the populations per se for all selection programs. The greatest reduction in 
plant and ear height was -8.07 and -6.52 cm cycle ' for the 20-Sl program. This population 
also showed the greatest favorable response for root and stalk lodging. Top height increased 
significantly in the 5-Sl and 10-Sl selection programs, while it decreased significantly in 
both the 20-Sl and 30-Sl programs. These same trends for plant, ear, and top height hold for 
the BSl ICO and B79 testcrosses as well as for the selfed populations. The percentage of 
plants with dropped ears was erratic for each program with the exception of the 5-Sl 
program. In the 5-S1 program, the percentage of plants with dropped ears significantly 
increased over cycles of selection for the populations per se, testcrosses, and the populations 
selfed (Table 6). This increase cycle ' in dropped ears was as high as 17.3 % of the CO mean 
for the B79 testcrosses (Table 6). With selection, all of the populations per se became 
significantly earlier in reaching mid-silk. The C5 population of the 20-S I program was 6 
days earlier than the CO assuming 13 GDU °C per day at flowering or the equivalent of 
becoming about Iday earlier with each cycle of selection. Likewise, the 20-Sl program also 
showed the greatest response in GDU required to reach mid-silk in the selfed populations. 
Selfed 5-Sl populations became later in flowering than the CO selfed population albeit less 
than Iday after four cycles of selection. 
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Inbreeding Depression 
Highly significant (p < 0.01) inbreeding depression for grain yield was found for all 
cycles of selection in each of the four selection programs (Table 7). No trends toward a 
decrease in inbreeding depression were observed among the 5-Sl. 20-S1. and 30-S1 selection 
programs. There was however, a slight trend for a decrease in inbreeding depression in the 
10-Sl program. Significant inbreeding depression also was detected for grain moisture in 
most of the cycles in each of the four programs. There was no clear trend in inbreeding 
depression for grain moisture over cycles of selection. Likewise, inbreeding depression was 
significant for most cycles of each population for stalk lodging. No significant inbreeding 
depression was found for root lodging with the exception of the CI for 5-Sl and 30-Sl and 
the C2 of the 20-Sl programs (Table 7). Plant, ear, and top height had highly significant 
inbreeding depression effects for all cycles of selection in each of the four programs. 
Although it is difficult to determine any clear trends for inbreeding depression for plant, ear. 
and top height, all selected cycles have lower inbreeding depression for plant and ear height 
than the CO. Although the CO and the CI of 30-Sl suffered significant inbreeding depression 
for percentage of dropped ears, the advanced cycles in the four programs displayed no 
significant inbreeding depression. All selection programs suffered significant inbreeding 
depression for the number of GDU° C required to reach mid-silk. There was no trend for a 
decrease in inbreeding depression for mid-silk and several of the selected cycles had greater 
inbreeding depression than the CO population. 
Realized Heritabilit>' 
The cumulative selection differentials for grain yield (Table 8) were large for all 
selection programs, ranging from 3.52 (20-Sl) to 5.05 (5-Sl) Mg haLikewise, the 
predicted gains also were large for each program ranging from 2.50 (30-Sl) to 3.74 (5-Sl) 
Mg ha '. The cumulative selection differential of 5.05 Mg ha ' was larger in the 5-Sl 
program than in any of the other three programs. If five random lines were recombined in 
this population without selection, the population yields per se would most likely have 
decreased at a higher rate than in our study. Realized heritabilities (Table 8) were similar 
and low for lO-Sl, 20-Sl, and 30-Sl programs. The realized heritabiiity for 5-SI was 
negative because the cumulative selection differential increased, but the grain yield decreased 
over cycles of selection. The trend for realized heritabilities was to increase with increasing 
effective population size. Frankham et al. (1968) also reported the trend for an increase in 
realized heritabiiity with increased population size. 
Discussion 
From our results of selected traits (primarily grain yield), it seems that the point at 
which genetic drift no longer dominated progress from selection in the population per se had 
been reached when 10 lines were recombined. After this point, there seemed to be no 
advantage, at least in the short term, for selecting and intermating an additional 10 to 20 
progenies (i.e., no additional increase in response was found for 20-Sl and 30-Sl vs. 10-Sl). 
That is not to say, however, that genetic variance has not been impacted differently in these 
programs. Darrah (1986) reported a greater selection response per cycle for ear-to-row 
selection when 100 individuals were evaluated vs. 49 individuals at 10% selection intensity. 
Our result is also in contrast to that of Frankham et al. (1968) who found that the larger 
population sizes at the same selection intensity resulted in greater responses to selection. The 
discrepancy beUveen our results and those of Frankham et al. (1968) could be because short 
term in our study is four or five cycles, whereas their response was evaluated over 12 cycles. 
Therefore, in our study, recombining an additional 10 or 20 progenies did not contribute 
enough favorable alleles to the population to have an impact on the short term response. .A 
possibility for improving the response would be to increase the selection intensity for a given 
effective population size. Frankham et al. (1968) found that higher selection intensity at the 
same population size gave better responses even in the short-term (12 generations). Our data 
agree with conclusion of Baker and Cumow (1969) that there is no additional gain in the 
short term by having effective population size greater than 16. 
Based on population per se and selfed population data, intermating 20 lines was an 
optimal number for maximizing stalk and root lodging response. However, because the 20-
S1 program was selected in each cycle for these traits, while the other three were not, the 20-
S1 program likely had a distinctive advantage in this study. If the responses are calculated 
for these traits, based on the number of cycles in which selection was practiced for those 
specific traits and not based on the number of overall cycles of selection, the rates of response 
for stalk and root lodging are as high in the 5-SI, 10-Sl, and 30-Sl programs as in the 20-Sl 
program. 
A compromise between long-term and short-term goals in the recurrent selection program 
discussed earlier is most likely more of a theoretical result than a real limitation to the 
breeding program. Recurrent selection programs have been conducted for many cycles with 
finite population sizes without the exhaustion of genetic variance (Holthaus and Lamkey, 
1995; Labate et al., 1997). A simulation study conducted by Lacy (1987) also showed that 
even with a population size of 20. genetic variation remained in the population for nearly 100 
generations in the absence of directional selection. He showed that strong directional 
selection in a finite population is more likely to quickly deplete the genetic variance than 
genetic drift. The concern over the loss of genetic variation only need be a concern in a 
closed population such as those used for genetic studies. In practice, breeding programs 
using recurrent selection for improving populations to derive inbred lines need not remain 
closed to the introduction of new individuals (genoty^jes) from outside the population. Lacy 
(1987) clearly showed that new individuals from outside the population every other 
generation or so can coimter the depletion of genetic variation by random genetic drift. 
Therefore, in practice if it is concluded that genetic variation is being depleted in a program, 
an individuals) can be added to the population from other source germplasm. It is 
nevertheless, critical that caution be given to the introduction of new individuals into a 
population. Although there may be a plethora of individuals from which to choose to 
introduce into the population to increase the genetic variation, many of those individuals also 
may reduce selection response already obtained in the population. 
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I'igurc 1. Responses to seleetion in the populations per se lor gram yield (A), grain moisture at harvest (H), Stalk lodging (C), and root 
lodging (D) for four seleetion methods in BSI I. * and ** indicate significance of the linear response (11,,: b,=()) at the 0.05 and 0.01 
probability levels, respectively. Responses are sorted in order ot greatest response in the desirable direction to least response. Responses 
each effective population size connected by the same vertical line do not differ significantly at the 0.05 probability level.. 
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I'able 1. Heritabilities (h^) and selection differentials (S) from progeny evaluation trials conductcd in the BSl 1 niai/c 
population to select desirable lines to form tiie next cycle of selection, ileritabilties and selection differentials were 
unpublished data obtained from the Annual Reports of the Cooperative l-ederal-State Corn breeding hivestigations, 
Ames, lA, 1977 through 1989. 
('yclc 0 CycIc 1 C'ycic 2 Cycle 3 C'ycic 4 Mean Mean 
Irait I'opulatioii h' S S S li^ S S I.' S 
Cirain yield (Mg ha ') 5-Sl 79.0 1.70 66.6 1.75 83.4 0,82 70.6 0.78 t _ — 74,9 1 26 
lO-Sl 7<J.() 1.97 66,6 1,30 86,2 0,98 57.7 0.39 . . . .  . . . .  72,4 1,16 
2()-SI 84.6 1.12 60.3 1,00 57.3 0.28 71.7 0.61 68,4 0,51 68,5 0.70 
3()-Sl 79.0 1.63 66.6 1.45 70.5 0.55 64.5 0.49 . . . .  . . . .  70.2 1,03 
(iiain moisture (g kg ') 5-SI - - 79,6 12.0 68.2 1.0 — — 73,9 6,5 
lO-SI - - - - - - - - 72,9 -4.0 77.0 -10.0 . . . .  . . . .  75,0 -7,0 
20-SI 80.6 -1.0 72,0 -5.0 60,4 -1.0 78,9 -1,0 81,6 -8.0 74,9 -3,2 
3()-Sl 
-
-
- -
82,2 -9.0 83,4 -4,0 . . . .  . . . .  82,8 -6,5 
Stalk lodging (%) 5-Si - - - - - - - - ^78,6 -8,1 56,4 -2 1 . . . .  . . . .  67,5 -5,1 
lO-Sl 
- - - - - - - -
'82,3 -6,3 58.7 -3,7 . . . .  . . . .  70 5 -5.0 
2()-Sl 75,1 -4.1 52,7 -3,3 74,3 -8,6 '64.6 -4,3 70,8 -5.5 67,5 -5.2 
30-Sl 
-- " - - '73,4 -6.9 77.1 -6,1 . . . .  . . . .  75.3 -6.5 
Root lodging (%) 5-SI - - - - - - - - "-11,0 -15,5 47.7 -1,5 . . . .  . . . .  18.4 -8,5 
lO-SI 
-- " - - "73.1 -20,2 68,2 -5.6 . . . .  . . . .  70,7 -12 9 
2()-SI 63.8 -0.7 37,') -0,4 45,8 -9,8 '86,7 -7,7 37.7 -0.6 54,4 -3,8 
3()-Si - - - - '79,4 -23.5 65,2 -2,0 — — 72,3 -12,8 
'CycIc not coniplclcd Ibr inclusion in study. 
'DuIu not available. 
^13c"cause of severe lodging at iwo locations, these traits were only nieasuied in one envnonnient and tlierelbre niay be biased with 
genotype X environment interaction. 
Table 2. Observed mean grain yields for cacli cycle of four selection methods and least squares estimates ol' 
response to selection in the BSl 1 maize population. Data were combined over 12 environntents Cor So 
populations per sc and testcrosses, and 11 environments for the S| populations.' 
Population 
type 
Sclcctioii 
inclhod 
Cycic of sclcctioii S.E. of Regression cuefficieiits Response % 
response" C O  n  ( 2  C 3  CA C 5  mean' •'.1 l)i 1., per year* 
M g  im 
.Su populations per se 5-SI 4.69 4.26 4.14 4.20 3.92 . . . "  0,13 4,73 -0.2210.02 •• 
-
-0,11 10,01 •* -4 6 
10-Sl 4.65 5.12 5.27 5.26 . . . .  0.1510.02 •• - - 0,07i0,01*» 3.1 
20-Sl 5.02 4.81 4.96 5,11 5.21 0,0910.02 •• • 0,0510,01 •• 19 
30-Sl 4.98 4.97 5.06 5,25 . . . .  0.1310.02** 
-
0.0610,01 •• 2,7 
Tcstcrosses to HSI 1 CO 5-SI 4.69 4.73 4.97 5.21 5.12 — 4,73 0.1210 02'* - - 0.0610.01 •* 2,4 
lO-Si 4.85 5.09 5.32 5.46 . . . .  0,18i0,()2'* 0,0910,01 •• 3 9 
20-Sl 4.89 4.82 5.14 5,28 5,20 0.11 i0,02** - - 0.0610,01 •• 2 3 
30-Sl 4.95 5.40 5,42 5.51 . . . .  0,22i0,02*» 0.11 lO.Ol** 4,7 
Testcrosses to inbred [379 5-SI 6.25 5.88 6.16 6.48 6.57 — 6.15 0.08i0,03*' « 0,04 10,01 •• 1.3 
lO-Si 5.97 6.61 6.59 6.50 — 0,1210.03 •• - - 0,0610,01 •• 1.9 
20-Sl 6.21 6,07 6 01 6,43 6,73 0.0610,02* • * * 0,0310,01 •• 1.0 
30-Sl 6.35 6.22 6.36 6,64 . . . .  0.10i0.()3** 0 05i0,01»* 1.6 
S| pupulatiuiis per sc 5-Sl 3.20 3.27 2 94 2.79 2,93 — 0,10 3.25 -0.11 10.02*' -0,0510,01 •• -3,3 
10-Sl 3.16 3,72 3,86 4.15 — 0,21 i0,02** - - o , i 2 i o , o r *  6,5 
20-Sl 3.52 3.58 3,64 3.69 3,75 0,12i0.02** - - 0.0610,01** 3 6 
30-Sl 3.64 3.82 3,75 4.08 . . . .  0,2110.02** 
- -
0,1110.01 •• 66 
*,**signiricunt lineur or quudrulic response ul the I).05 und 0.(11 probabilny levels, respeeiively. 
'cheek means, m Mg haB79 X H77- 6 30; B7'J X Mol7 1U73 X 1W5 5 95; H7.( X Mol7 7 17, |}7y I 67 
'Slandard errors for C'yele 0 are SMi./2(l'" for US! ICO and S.I;/lo'" for USI ICO X U7y and (or HSI ICO S, 
'l)„ IS an es(ima(e of (he (XI mean; b( is an es(inia(e uf (lie average ra(e uf response per cycle, bq is included tu indicale vvlieii llie i|iiadialie leiiii was signil'icani 
"Response per year was calculated as (he response per cycle divided by 2, (he number of yeuis iccjuiied (o coinplele a cycle of seleciion 
"The percentage response per cycle was calculated as ibe ratio of b| to llie predicted CO iiiteicept and nuiltiplied by 100, 
"Cycle not included in study. 
Table 3. Observed mean grain moislure for each cycle ol Tonr .seleclit)n melhods and least squares estimates of response to selection 
in the BSl 1 maize population. Data were combined over 12 environments for S,,populations per se and testerosses, and 11 
environments lor the S| populations.' 
Population Sclcclion C'ycic of selection S.K. of RcRression cocfriciciits Kesponsc % 
type nictliod CO CI C'2 ('3 ('4 ('5 mean' hu hj h,, per year* response" 
B k '  
S|, pupulutiuiis per se 5-Sl 237 227 221 233 239 2.08 2.)4.8 -0.82i0.40* * * -0.4li0.2()* -0,3 
lO-SI 236 222 226 216 — -4.22t0.40»* - - -2.1110.20** -1.8 
2()-SI 231 233 225 225 221 -2.65i0..)0** - - -1.3210,15** -1,1 
3()-SI 232 225 222 225 . . . .  -3.35i0.40** * •1.6710.20** -1,4 
Testerosses lo I)S 11 CO 5-SI 237 238 2.)4 245 246 2.)4 8 2.5510.40** . .  1,2810,20** 1,1 
10-Sl 237 231 230 225 -1.9810.40** - - -0,9910,20** -0,8 
20-SI 235 225 228 226 225 -2.27tO..)()** - - I,13i0 15** 10 
30-Sl 236 231 230 225 . . . .  -2.0210.40** - - -1,01 10,20** -0,9 
Testerosses lo inbred 1)79 5-Sl 240 237 235 242 245 238.7 0.8610.41* * * 0.43 10.21* 0.4 
10-Sl 238 240 237 231 -1.1410.41** - - -0.5710.21** -0 5 
2()-SI 239 235 232 231 233 -1.5810.31** - - -0.7910.16** -0,7 
.30-Sl 240 23K 236 2.)9 . . . .  -0.2410.41 
-
-0.1210.21 -0,1 
Sj popiilaliuiis per se 5-Sl 223 222 208 224 23! — 2.47 221.9 0.5110,49 • • 0.2510.25 0,2 
10-Sl 225 222 221 213 . . . .  -1.1610.49* • -0.5810.25* -0,5 
2( ) -S I  222 222 216 212 214 -1.7510.37** - - -0.8710,18** -0,8 
30-Sl 228 220 216 216 — -1.2910.49* . .  -0.6510.25* -0 6 
*,**significaiil linear or c)tiudiallc response al ihe 0OS and 0 ()1 piot)al)ilily levels, lespetlively 
'Check niean.s. in g kt; 1)79 X 1)77 2.)K. \m X Mol7 212, 1)7.) X l)'J5 222, 1)7.) X Mol7 211, U7V 210 
'Slundiird errors for t'ycle 0 are S 1; /2()'' for DSi ICO and S li/jo"' for DSI ICO X H79 and foi DSI ICO S, 
't)i, IS an eslinialc of ihe CO mean; b| is an esoinale of ilie average rale of lespunse pei cycle, Ixj is included lo indicale when the k|uadiaiic leiiii \sas signilicani 
"Kesponsc per year was calciilaled as ihc response pei cycle divided by 2, the niinibci of yeais ici|iiiicd lo compleie a cycle o( selection 
"The percenlage Kespon.se per cycle was calculated as the ratio of b| lo the piedicted CO iiiteicepl and niiilti|ilied by 100 
"Cycle not included in study 
l ablc 4. Observed mean slalk lodging for each cycle of four seleclion methods and least squares estimates of response to selection 
in the BSl 1 maize population. Data were combined over 1 lenvironments for all population types.' 
Sclcctiuii (!yclc of selection S.K. of Regression cocfncieiits^ <»/ /n 
type ineliiod CO (1 ("2 ( '3  (4 ('5 mean' I), per year response" 
S„ populations per sc 5-Sl 20.0 22.2 24.3 16.9 17,6 . . . "  1.15 20.49 -0.4310.22 * * -0.2210.11 -2,1 
lO-SI 21.8 19.9 15.3 13,9 — -1.3910.22 •• • • -0.7010.11** -6,8 
2()-Sl 18.8 18,9 13.6 13,1 9.3 -2.02i0.l6** - - -1.0110.08** -9,9 
3()-Sl 19.1 18.7 16.2 15,4 . . . .  -1.2710.22** 
- -
-0.6410.11** -6,2 
Tcstcrosscs to BSl 1 ("0 5-SI 20.0 20.8 21.4 15.6 17.0 20.49 -0.8810.22** . .  -0.4410 11** -4,3 
lO-SI 21.3 18.7 16.4 17,8 — -0.8610.22** - - -0.4310.11** -4.2 
20-SI 18.3 20.8 15,8 15 3 14.8 -1.1810.16** - - -0.59l0.0S** -5.8 
3()-SI 20.6 20.2 18.9 18.7 . . . .  -0.41 10.22 
- -
-0.21 lO.l I -2.0 
Testciosscs to inbred U79 5-SI 20.7 19.8 18.7 18,0 17.9 20.80 -0.84 10.23** . .  -0.42 to. II** -4.0 
lO-Sl 19.4 19.8 15.5 15.4 . . . .  -1.3610.23** - - -0 6810 1 I** (1.6 
2()-.SI 19.7 18 4 16.6 15.2 l.Vl -I.44i0.17** -0.7210.09** 6 9 
3()-Sl 22.1 19.2 17 7 17.1 . . . .  -0.87 10.23** 
-
0 4310.11** -4 2 
S, populations per se 5-SI 18.3 20.0 20.4 13,7 13.9 — 0.97 18.91 -1 ()5 10.19** • • -0,5310.10** -5.6 
lO-SI 17.4 15.4 10,9 11.0 . . . .  -2.1410.19** - - -1.0710.10** -1 1.3 
2()-S! 16.4 17.7 11,4 11.5 8.9 -1.9510.14** -0,9710.07** -10 3 
3()-Sl 18.6 16.4 13,6 12.3 . . . .  -1.5910.19** - - -0,7910,10** -8.4 
*,*'significant linciir or quudratic response ul ihe 0OS und 0 ()l piobiibilily levels, respectively 
'Checkmeans, in %: 1179 XH77-18.6, U79XMol7 15 3; 1)7.1 X H'J5 II 2,1)7.? X Mol 7 7 2.1)7V 'J 4 
'standard errors for ("ycle I) are ' for HSI ICt) and S li/io' " for BSl l('() X 1)79 uiu) lor DSI It'O S, 
IS un estimate of the CO mean; b/ is an estimate of the aveiage lute ol'iesponse per cycle, bq is included to indicate \vhcn the i|iiailiaiic teiiii vsas signiticant 
"Response per year was calculated as the response per cycle divided by 2. the luimbei oC yeais leijuiied to complete a cycle ol selection 
*'The percentage Response per cycle was calculated as Ihe tatio ol h| to the piedictedd CO inteicept and multiplied by 100 
"('ycle not included in stuily. 
i'able 5. Observed mean root lodging for eaeli cycle of four selection meiliods and leasl squares esliniates of response lo seleclion in 
the BSl 1 maize population. Data were combined over 11 environments for all population types.' 
ropulalioii Selection Cyclc of sclcction S.E. of RcRrcssioii cocfricieiits^ Kcspoiisc % 
type iiictliod CO CI ('2 ('3 ('4 ('5 mean' h,, bj b,, per )'car" rciipoiiiiic" 
S„ pupulutioiis per sc .S-Sl 6.1 6.4 6.9 4.3 3.2 . . . "  0.77 5.84 -0.42i0.15^^ * -0.21i0.07^^ -7.1 
10-SI 6.4 7 2 7.7 4.2 . . . .  0.0810,15 • • 0.04 i 0.07 1.3 
20-Sl 3,8 2,7 0.9 0.9 06 -1.26t0.ir^ * * -0.63i0.05^^ -21.5 
3()-Si 6.2 9.2 4.0 3.0 . . . .  -0.33i0.15^ * -0.16t0.07^ -5.6 
Tcstcrosscs to DSl 1 CO 5-SI 6.1 5.8 5.4 4.7 5.6 5.84 -0.1810.15 -0.0910.07 -3.0 
10-Sl 5.5 6.8 5.4 3.9 -0.2510.15 - - -0.1210.07 -4.3 
20-.S1 4.5 3.2 3.3 1.3 1.5 -0.98 i 0.1 - - -0.49t0.()5^^ -16.8 
30-SI 6.6 5.6 4.7 6.4 . . . .  -0.03 10.15 - - -0.01 10.07 -0.5 
Testcrosses lo inbred 1)79 5-SI 2.5 3.6 3.6 2.4 2.1 — 2.73 -0.0310.15 -0.01 lO.OK -1,1 
lO-Sl 2.6 3.6 2.3 2.2 . . . .  -0.0610.15 -0.0310.08 -2,2 
20-Sl 2.6 1.2 1.4 1.0 0.6 -0.4510.1 - - -0.22i0.06*^ -16,5 
30-SI 4.0 4.6 3.2 2.5 . . . .  0.1810.15 * 0,0910,08 6,7 
S, Populations per se 5-SI 5.y 9.9 6.5 5.6 3.3 — 0.97 6.33 -0.35 i 0.19 • • -0,1710.10 -5.5 
lO-Sl 7.1 8.1 6.3 4.4 . . . .  -0.1210.19 • -0.0610.10 -1.8 
20-Sl 4.1 5,5 0.8 0.7 06 -1.30i0.14^^ - - -0.65i0.07^^ -20.6 
30-SI 10.2 7.6 3.9 2.8 — -0..50i0.l9^ -0.25 i 0.10* -7.9 
•.••significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively 
'check means, m %: H79 X 1)77 - 1.5; 1)79 X Mol7 O.'J, 1)73 X 1)95 .) 8,1)7.) X Mol7 2 7,1)79 I 9 
'standard errors for C'ycle 0 arc S.I:./20' * for DSl ICO and S.I-./lo'" for HSl l(!0 X 1)79 and for DSl U'O S, 
'b|| IS an estimate of the CO mean; b( is an estimate of the average latc of iespon.sc |)er cycle, bq is incliuled to iiulicatc when the quadiatic teim was significant 
"Response per year was calculated as the response per cycle divided by 2, the number of yeais lequired to complete a cyclc of selection 
"The percentage Response per cycle was calculated as the ratio of h| to tlic ()tedicled CO inlerccpl and iiiiilliplicd by 100 
"(.'ycle not included in study 
l ablc 6. Least squares estimates ol'response per cycle to four selection methods for five agronomic traits in the BSl I maize 
population. Values in parentheses are per cycle responses as a percent of the predicted CO mcan^ 
Population Sclcction 
method 
Hcigtit 
Plant Ear Top 
Dropped 
cars 
(trowing 
cm "At "C 
S(, populations per se 5-Sl -3.5y»* (-1.5) -4.72** (-3.6) 1.13** (1.0) 0,10* (9.9) -2,38* (-0,3) 
lO-Sl (-1.4) -4.11** (-3.1) 0.80** (0.7) -0,09* (-9.7) -7,17** (-0.8) 
20-S1 -8.07*» (-3.3) -6.52** (-4.9) -1.59** (-1.4) -0,09** (-9.3) -16..M)** (-1.8) 
30-.S1 -5.12** (-2.1) -4.35** (-3.3) -0.72** (-0,6) -0,08 (-8,6) -9.79** (-1.1) 
Testcrosses to USl 1 CO 5-Sl I.75** (0.7) 0.01 (00) 1.74** (1.5) 0.13** (13.3) -0.53 (-0.1) 
lO-SI -0.40 (-0,2) -1,13** (-0,9) 0.75* * (0.7) -0.04 (-3,8) -3.47** (-0.4) 
20-.S1 -3.81** (-l.ft) -3,54** (-2,7) -0.27 (-0.2) -0.04 (-3.7) -10.39** (-1.2) 
30-Sl -1.85** (-0.8) -1.99** (-1-3) 0.15 (0.1) -0.10* (-10,7) -7.16** (-0.8) 
I estcrosses to inbred U79 5-Sl 0.97 •• (0,4) -0.70* (-0,5) 1.66** (1,6) 0.14** (17,3) -3.03* (-0.4) 
10-Sl 0.42 (0.2) -0.72* (-0,6) 1.09** (1.1) -0.02 (-2.1) -1.50 (-0.2) 
20-Sl -2.97** (-1.3) -2.89** (-2.3) -0.13 (-0,1) -0.07* (-8,9) -6.71** (-0,8) 
30-Sl -1.36** (-0,6) -1.49** (-1.2) 0 12 (0,1) -0.09 (-11.0) -3.68** (-0.4) 
S| populations per se 5-Sl -0.64 (-0,3) -2,71** (-2,5) 2.09** (2.1) 0.08** (11.8) 2.13 (0.2) 
10-Sl -0.11 (-0.1) -1,03** (-1.0) 1.00** (1.0) -0.02 (-2.5) -4.20** (-0.5) 
2()-Sl -5.94** (-2.8) -4.92** (-4.6) -0.95** (-0.9) -0.03 (-4,7) -10.53** (-1,2) 
30-Sl -2.60** (-1.2) -2.22** (-2.1) -0.38 (-0.4) -0.08* (-11.5) •8.82** (1.0) 
^/^significant linear response at the 0.03 and 0.01 probability levels, respectively. 
* I he percentage response per cycle was calciilaled as the ratio of'b/ to lite predicted CO intercept and (niiltiplicd by 100, 
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Table 7. Inbreeding depression in actual units and percent (in parenthesis) of four Si progeny 
selection programs in the BS11 maize population for nine agronomic traits. 
Trait 
Seiection program 
Cvcle 5-Sl 10-Sl 20-Sl 30-Sl 
CO 1.33*' '(29.4) 
CI 0.S2** (20.0) 1.31** (29.3) i.33** (27.4) MS** (24.5) 
C2 I.04** 126.1) 1.26** (25.3) 1.03** (22.3) 0.96** (20.1) 
C3 1.24** (30.S) I.2I** (23.9) 1.19** (24.6) 1.17** i23.S) 
C4 0.93** (24.1) 0.97** (18.9) 1.25** (25.3) l.OI** 119.8) 
C5 
— 
— 
— 
— !.38** (26.9) 
— 
— 
CO r.o** (7.1) 
CI s.o* (3.5) I5.0** (5.5) 12.0** (5.1) -.0* (3.0) 
C2 16.0** (7.1) 3.0 (1.3) 13.0** (5.5) ~.0* (3.1) 
C3 I I.O** (4,7) 8.0* (3.5) 11.0** (4,8) s.o* (3.6) 
C4 10.0** (4.1) 5.0 (2.3) 15.0** (6.6) 11.0** (4.8) 
C5 — — — — 10.0** (4,5) — — 
CO 3.3 — (15.9) 
CI 4,2** (IS.I) 5.6** (25.2) 4.4** (22.0) 2.0 (10.0) 
C2 4.9** (20.2) 
•
 
•
 
CO (27.9) 3.3* (16.6) (19.1) 
C3 3.S* (21.6) 5.6** (34.4) 3.0* (20.8) 4.5** (26.3) 
C-i 4.3** (23.6) 3.9* (26.4) 3.3* (23.2) 5.0** (30.5) 
C5 — — — — 1.9 (19.2) — — 
CO 0.4 (6.3) 
CI -3.2* (-47.1) -0.5 (-7.5) -0.2 (-5.0) -3.6** (-54.5) 
C2 1.0 (13.3) -1.3 (-18.3) -2."'* (-93.1) 1.5 (16.1) 
C3 -i.5 (-34.1) 1.3 (16.9) 0.1 (11.1) 0.1 (2.6) 
C4 0.0 (0.0) -0.5 (-12.2) 0.1 (12.5) 0.4 (12.5) 
C5 — — — — 0.2 (28.6) — — 
CO 34.9** (14.3) 
CI 27.S** (11.6) 24.3** (lO.I) 30.0** (12.9) 29.1** (12.2) 
C2 (10.0) 26.1** (11.1) 23.0** (10.1) (10.9) 
C3 25.3** (10.9) TS 2** (10.8) 25.7** (12.3) 22.8** (10.4) 
C4 24.2** (10.5) 21.9** (9.5) 21.3** (10.4) 26.2** (11.5) 
C5 — — — — 2S.4** (13.7) — — 
CO 24.8** (18.7) 
CI 21.6** (17.0) I6.8** (13.2) 21.4** (17.2) 18.7** (14.6) 
C2 16.7** (14.1) 17.8** (14.3) 18.4** (15.0) 15.9** (13.2) 
C3 17.0** (14.6) 13.1** (11.2) 19.0** (17.1) 17.2** (14.9) 
C4 17.4** (15.3) 11.2** (9.9) 15.0** (14.8) 15.3** (13.3) 
C5 — — — — 17.0** (17.0) — — 
Grain vield (Me ha ') 
Grain moisture (g kg ') 
Stalk lodging (lo) 
Root lodging (%) 
Plant height (cm) 
Ear height (cm) 
*.*• Significant at the 0.05 and 0.01 probability levels, respectively. 
'^The percentage inbreeding depression was calculated by dividing inbreeding depression in absolute uiuts 
by the noninbred mean and multipling by 100. 
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Table 7. Continued. 
Selection program 
Trait Cvcle 5-Sl 10-51 20-Sl 30-Sl 
Top height (cm) CO 
CI 
9.S** 
-.0** 
(8.8) 
(6.3) - 9 . .  (6.9) 8.5** (7.8) 10.9" (9.9) 
C2 6.5*" (5.S) - 9 » .  (T.!) 4,6** (4.4) 9.3** (8.5) 
C3 S.3»« (7.1) 11 . 6 "  (10.1) -.3** (6.9) 5.6" (5.4) 
C-l 6 .8" (5.8) 10.9** (9.4) 6.1" (5.9) 11.3** (10.0) 
C5 — 
— 
— 
— 
10.9*- llO.l) — — 
Dropped ears (" ol CO 
CI 
0.3*' 
0.2 
(30.0) 
(15.4) 0.4 (40.0) 0.3 (30.0) 0.&" (57.1) 
C2 0.4 (36.4) 0.2 (28.6) -0.2 (-40.0) 0.5 (50.0) 
C3 0.4 (28.6) 0.2 (22.2) 0.3 (33.3) -0.3 (- 100.0) 
C4 0.3 (23.1) -0.1 (-14.3) 0.2 (25.0) 0.3 (42.9) 
C5 
— — 
— 
— 
0.0 (0.0) — — 
Growing degree units ("O CO 
CI 
-18.8** 
-29.9** 
(-2.1) 
(-3.4) -52.1** (-6.1) -36.3** (-4.2) -41.6»* (-4.8) 
C2 -35.1" (-4.0) (-4.5) I « II
 (-3.7) -29.3** (-3.4) 
C3 -20.4* (-2.3) -43. r* (-5.0) -45.3** (-5.4) -26.7»* (-3.1) 
C4 -51.3** (-5.9) -15.2 (-1.7) -50.4** (-6.2) -20.0* (-2.3) 
C5 — — — — -45.4** (-5.5) — — 
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Table 8. Grain yield, cumulative selection differentials (Cumulative S). predicted gain, 
realized hentabilities (bold italics), and correlated heritabilities for four Spprogeny 
selection programs in the BS11 maize population each with a different effective 
Realized beritabilit>' 
Selection Cumulative Predicted Populations Crosses to Populations 
program S. gain' per Se BSll CO B79 selfed 
Mg ha 0' 
5-Sl 5.05 3.74 -15.UI.S S.S=1.S 5.3=1.S -'3±1.S 
lO-SI 4.64 3.49 11.4=1.S 14.0=1.8 8.6=1.9 15.6±1.6 
20-Sl 3.52 2.50 12.6=2.4 14.9=2.4 ".5=2.5 16.1 ±2.1 
30-Sl 4.12 2.96 11.3=2.1 19.8=2.1 7 9="* I8.8±1.8 
Calculated by taking the hentability multiphed by selection differential for each cycle and summed over cycles. 
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Abstract 
Numerous recurrent selection methods have been previously described for population 
improvement. Recurrent selection methods were developed to increase mean population 
performance by increasing the frequency of favorable alleles in the population. Such 
methods can increase the frequency of favorable alleles at loci which are additive or non 
additive in nature or both. Similarly, the sampling effect of selection in a finite population 
can also impact responses to selection and is more commonly know as genetic drift. This 
study was designed to evaluate the responses of ten recurrent selection programs all 
conducted in the same base maize {Zea mays L.) population. The contributions of alleles 
with additive and dominant genetic effects and the impact of drift on selection was estimated 
for all ten selection programs. In general, the contribution of alleles with dominant genetic 
effects to selection response for grain yield were larger than those which were additive in 
nature. The contributions of alleles with additive genetic effects were generally larger 
however for all other agronomic traits. Genetic drift was significant and limited responses to 
selection for grain yield in most selection programs. As would be expected, it was also 
concluded that the effects of genetic drift decreased with an increase in effective population 
size. 
Introduction 
Maize breeders utilizing reciurent selection methods for population improvement 
have reported desirable responses for selected traits with a wide range of selection methods. 
In general, relative efficiencies of such methods tend to be population dependent and are 
impacted by the balance of selection and genetic drift; the two main forces acting on closed 
breeding populations. Recurrent selection programs are designed to improve mean 
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performance of a population by increasing the frequency of favorable alleles. The 
improvement of performance may be due to an increase of favorable alleles with either 
additive or dominance genetic effects. Likewise, various selection methods may result in 
population improvement through increases of alleles with either tv'pe of gene action or both. 
.Additionally, responses to selection for various methods can also be greatly impacted by the 
effects of genetic drift. Genetic drift is defined as the loss of alleles due to small population 
size. Drift is random in nature and can either aid in selection or oppose it. Prior estimates of 
genetic drift for grain yield in maize have generally been opposite in sign from the forces of 
selection. 
Smith (1979) proposed a model to estimate the contributions of alleles with additive 
and dominance genetic effects to the responses to selection. Smith's model also is used to 
estimate the effects of genetic drift and its impact on selection responses. With use of this 
model, several researchers have shown that various selection methods result in population 
improvement through different modes of gene action and that drift can be a significant factor 
limiting responses to selection (Helms et al., 1989; Keeritinajakal and Lamkey, 1993; Smith, 
1983; Stojsin and Kaimenberg, 1994). 
Weyhrich et al. (1998a, b) described comparisons of the effectiveness of multiple 
selection methods in the same population in addition to comparisons among different 
effective population sizes. The purpose of this report is to combine the information ft"om all 
selection programs described by Weyhrich et al. (1998a, b) and evaluate changes in genetic 
effects associated with the responses to selection as well as estimate the impact of genetic 
drift on such responses. 
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Materials and Methods 
Full sib selection. FS: Half-sib selection with an inbred tester. HI; Modified ear-to-
row selection, .MER; Reciprocal full-sib selection. FR; SI-progeny selection with four 
different numbers of individuals intermated. 5-Sl. 10-Sl, 20-Sl. 30-Sl; S2-progeny and 
mass selection were conducted in the BSI1 maize population. Details of the protocols of the 
ten selection programs were described and the responses were compared by Weyhrich 
(1998a. b). Four or five cycles of selection were conducted with each method and the 
resulting populations evaluated for response to selection. 
Seed for experimental purposes was developed for all selection programs and used for 
testing as described below and as given by Weyhrich el al. (1998a. b). In the 1991 Iowa 
breeding nursery, seed of the populations per se and populations per se selfed was produced 
for the CO to C5 of 20-S,-progeny, FR. .MER. and FS selection methods. CO to C4 of HI. S.-
progeny, 5-Sl, lO-Sl and 30-Sl as well as the C2, C4. C6. C8. and CIO of mass selection. 
Each of the populations per se was also topcrossed to BSI ICO and B79 in isolation plots. 
Seed of the populations per se and populations per se selfed was produced by chain sibbing 
or selfing = 160 plants. The topcross seed was produced by using = 160 plants of the 
populations as females and the testers as males. Equal quantities of seed was bulked from 
each ear to form all types of populations. 
Data were collected at four Iowa locations in 1992 and 1993 for both noninbred (S,,-
populations per se, testcrosses to BSI ICO, and testcrosses to B79) and inbred (S, -
populations selfed) materials. Data also were collected in 1994 at four locations for the 
noninbred populations and three locations for the inbred populations. 
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Data were collected for machine-harvestable grain yield (Mg ha ') adjusted to 155 g 
kg ' grain moisture, grain moisture (g kg"') at har\-est, final stand (1.000 plant ha '). root 
lodging (percentage of plants leaning greater than 30° from vertical), stalk lodging 
(percentage of plants broken at or below the primary ear node), dropped ears {%). plant, ear, 
and top height (cm) and growing degree units (°C) to 50% silk emergence. Details of the 
experimental design, environmental design, and data collection procedures were given by 
Weyhrich et al. (1998a, b). 
Cycle means averaged over environments for the noninbred and inbred populations 
were combined into one data set for analysis. This data set was then used to estimate genetic 
parameters as described by Smith (1979. 1983). Since all populations were derived from the 
same base population, the model was used to estimate the contribution of additive (AO) and 
dominance genetic effects (DO) to the mean of the BSl 1 CO base population. .\lso estimated 
in the model was the contribution of additive and dominance genetic effects to the response 
to selection in the /th selection program (AL and DL), as well as the effect of the loss of 
heterozygotes due to genetic drift or selection in the Ith population (DQ). When the effective 
population size is small (i.e., <20), DQ is expected to be predominately an estimate of the 
loss of heterozygotes due to genetic drift (Smith, 1983). 
Smith's (1983) genetic parameters (^ were estimated by using weighted least 
squares; /?= (X'W"'X)*'X'W''Y, where the elements of the Y-matrix are the population cycle 
means and the elements of the X-matrix are functions of cycle number and the coefficients of 
the genetic parameters. The W matrix contains the variances of the entry means on the 
diagonal and zeros on the off diagonal. Standard errors of the parameter estimates were 
calculated as the square root of the corresponding diagonal element of the X'\V"'X'' . 
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Results and Discussion 
The contributions of alleles with additive (AOI) and dominance (DOI) effects to the 
base population for grain yield were both significantly different from zero (P<0.05; Table 1). 
Differences between AOI and DOI for the BSll base population were nonsignificant 
indicating that both types of gene action contributed equally to grain \ield in BSII CO. 
Estimates of AOI and DOI were significantly different from zero for the eight other 
agronomic traits as well. Estimates of AOI were significantly greater than estimates of DOI 
for all other agronomic traits measured with the exception of percentage dropped ears for 
which the difference was nonsignificant. This result indicates that all secondary' agronomic 
traits measured in the BSl 1 population were controlled by alleles with predominately 
additive genetic effects. Previously, Keeratinijakal and Lamkey, (1993) reponed that grain 
yield in the base populations they studied were controlled by additive genetic effects while 
others, (Eyherabide and Hallauer, 1991; Helms et al., 1989; Tanner and Smith. 1987) found 
the estimates of DOI to be greater for grain yield than estimates of AOI. Other agronomic 
traits are in general agreement with most previous reports that AOI is of much greater 
importance than DOI in the base populations (Table 1). 
AL and DL 
Significant improvement in grain yields were achieved with all selection programs except for 
5-Sl. Increases in grain yield were achieved by increasing the frequency of favorable alleles 
with predominantly dominance genetic effects for FS, HI, Mass, MER and FR. 
Improvements due to selection for the inbred progeny selection methods for grain yield were 
generally at loci with additive genetic effects (Table 1). 
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Selection responses in the absence of genetic drift (2ALI - 2DLI) were significant in 
the desired direction for all selection programs. VVeyhrich et al. (1998a) reported decrease in 
yield over cycles of selection in the 5-Sl program. These results and the improv ement in 
testcross performance of the 5-Sl program (Weyhrich. 1998b) shows that selection has 
removed some of the deleterious recessive alleles from this population but the response to 
selection was overwhelmed by random genetic drift. The effects on grain yield of the loss of 
heterozygotes in populations per se due to genetic drift (DQ) were significant and negative 
for all selection programs except for FS selection. With regard to different effective 
populations sizes with SI progeny selection, 5-Sl showed the largest DQI term, then 10-Sl 
and the 20-Sl the smallest. The estimate of DQI in 30-Sl was as large as in 5-Sl. This may 
likely be an artifact of model assumptions stating that DQI measures drift if population size is 
small (i.e., <20). Estimates of DQI for mass selection was significantly less than for most 
selection programs. This result would be expected since this program maintained the largest 
effective population size of all programs (Weyhrich et al., 1998a). Estimates of DQI for 5-Sl 
program were larger but not significantly different ft'om HI, FR, S2, and 30-SI. 
Estimates of AL and DL for grain moisture were variable across selection programs. 
In several cases, responses to selection for grain moisture were controlled primarily by 
increases in alleles with dominance genetic effects while others were more additive in nature. 
Likewise, estimates of AL and DL for grain moisture were not always of like sign for some 
selection programs. Estimates of DQI were also variable in direction. Weyhrich et al. 
(1998b) showed that responses in MER program for moisture were less than for all other 
selection programs studied. Estimates of AL for this population are positive and sigmficant 
while in this instance, drift is driving the population in the desired direction (Table 1). 
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Responses in the absence of drift were largest for FR and several of the inbred progeny 
selection methods. 
In general, root lodging responses were predominantly controlled by loci having 
additive genetic effects. The response to selection in the absence of genetic drift was the 
greatest for 20-SI progeny selection. Drift effects were the largest for 30-Sl but were in the 
desirable direction. .-Mtematively. FR and 20-SI progeny selection programs both 
encountered significant drift effects for root lodging in the undesirable direction. 
Selection responses for stalk lodging were predominantly arrived at as a result of 
increasing alleles with additive genetic effects. Selection for this trait was very effective and 
estimates of .ALI are all in the favorable direction. DQI estimates for stalk lodging %vere 
generally nonsignificant. Only FR and S2-progeny programs showed significant DQ effects 
and both were opposite in sign from that of selection. Generally responses in the absence of 
genetic drift were significant and in the desired direction. 
Percentage dropped ears; plant, ear, and top height; as well as GDU's to midsilk are 
all correlated traits with those under direct selection. Most estimates of genetic effects were 
nonsignificant for percentage dropped ears (Table I). When estimated genetic terms were 
significant for plant, ear, and top height, they generally were toward reduced height. 
Similarly , DQ estimates when significant for height were negative toward reduced height 
except for in the FR selection program. 
Results from this experiment demonstrate that the effects of sampling in finite 
populations have detrimental effects on responses to selection for all recmrent selection 
methods. Estimates of DQ for the SI progeny selection programs indicates that by the 
intermating at least ten individuals, we have significantly reduced the impact of genetic drift 
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versus intermating only five individuals. Estimates of other parameters related to selection 
responses (ALI and DLI) are in general agreement with previous reports in that responses for 
agronomic traits have been generally controlled by increasing the frequency of favorable 
alleles with additive genetic effects except for grain yield. 
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Table I. Least squares estimates of genetic model parameters (Smith. 1983) for nme 
agronomic traits in the BS11 maize population. 
Selection Gram Lodging' 
method Parameter' Yield Moisture Root Stalk 
Mg ha ' g kg ' % -
AO 1.669 «* 208.31 • * 6.94 • « 17.56 • « 
DO 1.515 • • !3.56 • « -0.52 m  1.43 «« 
Full-sib .AL 0.007 -0.70 -0.48 m  m  -1.01 • • 
DL 0.099 «• -0.53 -0.33 0.02 
ug - I I A J 4  U.UtJ • -IJ.OJ 
2(AL-DL): 0.212 • « -2.44 • • -1.62 m  m  -1.99 « • 
Half-sib AL -0.040 -0.48 -0.60 •  m  -1.24 • • 
DL 0.178 m m  -0 33 -0.23 0.11 
DQ -0.029 m m  -0.14 0.05 0.01 
:fAL-DL) 0.276 m *  -1.63 « -1.66 m m  -2.25 «« 
Mass AL -0.024 m m  -0.32 -0.12 -0.12 
DL 0.059 m m  -1.08 «• 0.05 0.22 
DQ -0.002 m  0.00 0.00 0.01 
2(AL-DL) 0.069 m  m  -2.78 -0.15 0.20 
Modified ear-to-row AL 0.001 I.I9 m m  -0.25 -0.85 m m  
DL 0.152 m m  -0.16 -0.23 -0.48 m  
DQ -0.014 m m  -0.35 m m  0.02 0.07 
:(AL-DL) 0.307 m m  2.07 m m  -0.96 m  m  -2.64 m m  
Reciprocal full-sib AL 0.072 m m  -2.68 m m  -0.38 m  -0.57 m m  
DL 0.116 m m  -1.11 m  -0.32 0.04 
DQ -0.030 m m  0.42 m m  0.10 m  *  0.14 m m  
:(AL-DL) 0.376 m m  -7.59 m m  -1.40 m  m  -1.05 m m  
5-SI progeny AL -0.001 0.53 -0.1 I -0.74 m m  
DL 0.05S -0.12 0.11 0.43 
DQ -0.043 m m  -0.13 -0.08 m  -0.01 
ZfAL-DL) 0.113 m  0.82 0.02 -0.61 
10-SI progeny AL 0.144 m m  1.12 • -0.11 -1.42 m m  
DL 0.0 IS -3.02 • • 0.1 I 0 . 8 2  m m  
DQ -0.023 m m  -0.11 -0.01 -0.04 
2(AL-DL) 0.325 m  m  -3.82 « • 0.01 -1.21 •  m  
SI -progeny AL O.OS 1 m m  -0.27 -0.70 m  m  -0.93 m m  
DL 0.030 -1.S7 • « -0.33 -0.08 
DQ -0.015 m m  0.16 • 0.10 m m  -0.01 
2(AL-DL) 0.223 m m  -4.29 m m  -2.05 m m  -2.03 •  m  
30-SI progeny AL 0.159 m m  0.45 -0.28 -1.00 m m  
DL 0.050 -2.78 m m  0.52 m  0,61 
DQ -0.040 m m  0.18 -0.14 m m  -0.07 
2(AL-DL) 0.418 m m  -4.66 m m  0.48 -0.76 
S2-progeny AL 0.095 m m  0.79 -0.70 m m  -1,42 m m  
DL 0.150 m m  -1.10 -0.21 -0.41 
DQ -0.039 m m  -0.26 • O.I 1 m  0.19 m m  
2(AL-DL) 0.490 m m  -0.63 -1.82 m m  -3,66 m m  
R- 99.9 99.9 96.1 99,4 
indicates significance at 0.05 and 0.01 probability levels, respectively. 
^.A.0 and DO, conmbution of additive and dominant genetic effects to the mean of the base population: AL 
and DL, contribution of additive and dominance genetic effects to the response to selection; DQ, esnmate of 
loss of heterozygotes due to genetic drift. 
•Response in the population per se adjusted for genetic drift. 
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Dropped Height (Jrowing 
Ears Plant Ear Top Deerees 
GDU 'C uiii • • • • 
0.41 •• 172.53 •  «  S3.31 «• 89.01 •* 932.2S 
0.2S •* 36.00 24,53 • • 11.5S •* -21."3 •* 
-0.02 0.01 -0.69 •  0.69 *• -1.43 
0.05 -2.31 • • -2.33 m m  0.04 -3.13 • 
-O.Oi • -0. lb •• -O.UI -0.15 •" 0.0/ 
0.06 -4.60 « •  -6.04 m m  1.44 •• -9.10 •• 
-0.03 0.34 0.16 0.2S 3.07 • 
0.03 -1.67 « •  m m  O.50 -4.93 •• 
0.00 -0.39 « «  -0.12 -0.29 •• -0.91 •• 
-0.01 -2.65 •  •  -4.13 m m  1.56 •* -3.72 
-0.01 -0.03 -0.16 0. 1 1  0.80 
0.01 0.07 0.08 -0.01 -1.-2 •• 
0.00 -0.00 0.02 -0.02 -0.01 
0.01 0.07 -0.17 0.20 -1.S5 • 
-0.02 l.Sl m m  1.02 m m  0.81 •• I "T 
0.03 -2.04 •  «  -2.07 m m  0.00 -2.33 
0.00 -0.05 0.01 -0.06 -0.36 
0.02 -0.46 -2.10 m m  1.63 •* -1.13 
-0.05 -0.40 -0.25 -0.10 -1.98 • 
O.OS -1.41 •  •  1.99 m m  0.49 -6.96 •• 
0.00 0.15 •  •  0.32 m m  -0.16 " 1.13 •• 
0.05 -3.63 «  «  -449 m m  0.77 -17.S9 " 
0.04 1.12 • -0.41 1.54 •• 3.2S • 
0.09 -0.48 -0.39 -0.13 -5.16 ** 
-0.02 -0.69 •  «  -0.45 m m  -0.23 •• 0.16 
0.24 •* 1.28 •  -1.61 m m  2.83 •* -3.76 
0.03 1.73 m m  1.15 m m  0.67 • -0.67 
-O.OS -2.39 m m  -2.36 m m  -0.05 -4.23 * 
0.00 -0.32 m m  -0.29 m m  -0.06 0.36 
-0.10 -1.31 m  -2.43 m m  1.24 *• -9.81 " 
0.01 -l.Sl m m  -1.52 m m  -0.19 -2.44 * 
-0.05 -2.39 m m  -1.95 m m  -0.52 -9.20 •" 
0.00 0.04 0.02 0.00 0.83 •• 
-0.07 -8.40 m m  -6.94 m m  -1.41 *• -23.29 " 
-0.03 0.04 0.04 -0.02 -3.79 *• 
-0.05 -2.55 m m  -2.28 m m  -0.25 -4.03 • 
0.01 0.00 0.00 0.00 0.78 • 
-0.17 • -5.02 m m  -4.47 m m  -0.55 -15.64 •• 
-0.02 -0.04 -0.46 0.47 -4.76 *• 
0.13 * -0.94 -1.12 « 0.12 0.22 
-0.02 -0.27 m m  -0.14 -0.13 * -0.61 
0.23 -1.98 m  m  -3.IS •  *  1.19 •* -9.08 *• 
96.3 99.9 99.9 99.9 99.9 
101 
GENERAL CONCLUSION 
The objectives of the studies in this dissertation were to compare responses to seven recurrent 
selection methods all in the same base population and to evaluate the impact of varv'ing 
effective population sizes on responses to selection. 
-Ail important result of the first study was the demonstration that all recurrent 
selection methods could in fact produce significant responses to selection. Just as important, 
was the demonstration that the use of a selection index composed of multiple traits was 
successful in obtaining desirable results for all selected traits simultaneously with most of the 
selection methods. Overall, the inbred progeny methods performed quite well in the BSl 1 
population in contrast to some previous studies in other populations. In terms of the most 
effective method for population improvement, it appears that at least in populations 
structured like BSl I. inbred progeny methods and other methods utilizing the population as 
the tester such as modified ear-to-row can be expected to perform quite well in the short term. 
The impact of varying effective population sizes as presented in Chapter two. reveals 
striking information with respect to short term responses. The results of this study indicate, 
that for shon term responses, there is not a great advantage to increase effective population 
sizes above ten individuals. The study also revealed that even with an effective population 
size of as few a five individuals, selection progress when evaluated based on testcrosses can 
be made. This information did however show that when using population sizes less than ten 
individuals, any per se population improvement we would expect will most likely be overrun 
by inbreeding depression in the limited sample of individuals. Caution must also be taken 
when trying to extrapolate these results into long term expectations. Based on theoretical 
expectations, one would have to conclude that intermating only ten individuals would limit 
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the response to selection in a long term program. The estimates of genetic drift given in 
chapter three would support this conclusion as well (i.e. DQ for 5-Sl> 10-Sl > 20-51). 
Alternatively, if the goal of the selection program is short term in nature and desirable 
responses are needed rapidly with minimal investment, intermating as few as ten individuals 
would seem to ser\'e this purpose. 
Previous estimates of genetic drift in recurrent selection programs have indicated that 
drift often has a negative impact on selection responses. Results from our study agree with 
those previously reported and demonstrate that no one selection method can be free from the 
effects of genetic drift since we are sampling in finite populations. Our results also agree 
with most previous reports that grain yield responses were controlled by increasing the 
frequency of alleles with dominance genetic effects while other agronomic traits were 
typically controlled by alleles with additive genetic effects. 
Overall, results from these experiments suggest that multiple trait selection with 
various recurrent selection methods can be effective. Inbred progeny selection methods may 
be highly desirable for population improvement programs which are expected to contain a 
high genetic load. Also, the effects of sampling in a finite population carmot be ignored in 
reciurent selection programs. 
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\PPENDIX A. SUPPLEMENTAL TABLES FOR RESPONSES TO SELECTION 
Table Al. Observed mean plant height tor each cycle of seven selection methods and least 
squares estimates of response to selection in BSll maize population. Data combined over 11 
environments tor both the S,) populations per se and testcrosses as well as the S| populations. 
Population 
type 
Selection Cvcie of selection 
method CO CI C2 C3 C4 
S„ populations per se Full-sib 246 233 233 232 220 
Half-sib 245 235 227 223 
Mass"' 242 235 232 249 
Modified ear-to-row 234 237 239 242 
Reciprocal full-sib 217 232 236 236 
Si -progeny 234 228 219 206 
$2 -progeny 240 243 229 230 
Testcrosses to BSl I CO Fuli-sib 246 241 242 240 236 
Half-sib 249 241 239 239 
Mass 246 248 245 253 
Modified ear-to-row 244 247 246 249 
Reciprocal full-sib 232 237 239 248 
S| -progeny 241 238 235 224 
S; -progeny 246 244 241 240 
Testcrosses to inbred B79 Full-sib 231 226 230 228 223 
Half-sib 235 228 228 228 
Mass 233 231 227 235 
Modified ear-to-row 229 232 233 238 
Reciprocal full-sib 218 228 227 234 
S, -progeny 229 226 224 215 
Si -progeny 234 233 227 231 
S, populations per se Full-sib 209 206 207 203 196 
Half-sib 212 204 203 197 
Mass 208 206 199 207 
Modified ear-to-row 211 209 214 213 
Reciprocal full-sib 193 201 200 206 
S| -progeny 201 204 190 183 
Si -progeny 211 203 205 199 
•."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
"Check means, m cm: B79 .\ B77=234; B79 .X Mol7 = 223; 873 .V 895 = 235; 
B73 X Mol7 = 234; 879= 161. 
"Standard errors for Cycle zeros are S.E.. 20'" for BSl ICO and S.E/IO' * for BSl ICO X B79 and for 
BSllCO S,. 
'bo IS an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
"^The percentage response per cycle was calculated as the ratio of b, to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
"Cl,C2.C3, C4, and C5 correspond to cycles 2,4.6,8 and 10 for Mass selection only. 
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S.E. of Regression Coefficients^ i Response % 
Response" C5 mean' bo b, bq per year 
213 1.67 244.0 -5.75=0.24** — -2.87=0.12** -2.4 
-5.07=0.32** — -1.69=0.11** -2.1 
247 -0.18=0.12 ai* -0.18=0.12 -0.1 
242 -1.05=0.24** ** -0.52=0.12** -0.4 
234 -2.85=0.24** -1.42=0.12** -1.2 
209 -8.07=0.24** «* -4.03±0.12** 
— 
-3.60=0.32** 
-
-1.20=0.11** -1.5 
231 244.0 -2.16=0.24** -1.08=0.12** -0.9 
— 
-1.20=0.32** -- -0.40=0.11** -0.5 
249 0.64=0.12** — 0.64=0.12** 0.3 
245 0.61=0.24* — 0.30=0.12* 0.2 
243 -0.53=0.24* «* -0.26=0.12* -0.2 
111 -3.81=0.24** — -1.91=0.12** -1.6 
— 
-0.82±0.32* - -0.27=0.11* -0.3 
219 231.0 -2.00=0.25** — -1.00=0.13** -0.9 
— -0.75=0.33* — -0.25=0.11* -0.3 
236 0.31=0.13* « 0.31=0.13* 0.1 
234 0.903^.25** - 0.45:t0.13** 0.4 
231 -0.33=0.25 «» -0.16=0.13 -O.I 
217 -2.97=0.25** — -1.49±0.13** -1.3 
— -0.13=0.33 
-
-0.04=0.11 -0.1 
191 2.28 208.9 -3.02=0.34** • -1.51=0.17** -1.4 
— -2.40=0.45** ~ -0.80=0.15** -1.2 
216 -0.07=0.17 -0.07=0.17 0.0 
216 1.30=0.34** 0.65=0.17** 0.6 
204 -1.70±0.34** • • -0.85=0.17** -0.8 
179 -5.94±0.34** — -2.97=0.17** -2.8 
— 
-2.04±0.45** ~ -0.68=0.15** -1.0 
Table A2. Obser% ed mean ear height for each cycle of seven selection methods and least 
squares estimates of response to selection in BSll maize population. Data combined over 11 
environments for both the So populations per se and testcrosses as well as the S, populations. 
Population 
type 
Selection 
method 
Cvcle of selection 
CO CI C2 C3 C4 
Sn populations per se 
Testcrosses to BSl 1 CO 
Testcrosses to inbred B79 
S, populations perse 
Full-sib 134 121 118 114 lOS 
Half-sib 130 122 11" 113 
Mass" 125 125 129 132 
Modified ear-to-row 122 124 123 125 
Reciprocal full-sib 116 118 123 124 
S, -progeny 127 123 112 102 
S; -progeny 132 125 l i s  11~ 
Full-sib 134 127 128 125 122 
Haif-sib 136 129 125 124 
Mass 131 132 131 138 
Modified ear-to-row 132 133 130 132 
Reciprocal fulI-sib 121 123 128 131 
S, -progeny 129 125 123 1 14 
S; -progeny 134 130 126 125 
Full-sib 128 124 125 123 11" 
Half-sib 129 123 119 123 
Mass 130 125 126 130 
Modified ear-to-row 124 126 129 130 
Reciprocal full-sib 116 124 124 127 
S, -progeny 126 124 119 115 
S; -progeny 129 126 122 122 
Full-sib !08 101 104 99 90 
Half-sib 110 103 100 99 
Mass 106 105 105 105 
Modified ear-to-row 108 109 109 105 
Reciprocal full-sib 101 99 100 105 
S| -progeny 103 104 93 86 
S; -progeny 109 103 102 96 
•."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
"Check means, in cm: B79 .\ 877=122; 379 .X Mol7 =120; B73 .\ 895 =122. 
873 .X Vlol7= 117; B79 =80. 
"Standard errors for Cycle zeros are S.E..20'" for BSl ICO and S.E'lO'" for BSl ICO .X B79 and for 
BSilCOS,. 
'bo IS an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
'^The percentage response per cycle was calculated as the ratio of b| to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
'''CKC2C3. C4. and C5 correspond to cycles 2.4,6,S and 10 for Mass selection only. 
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C5 
S.E. of 
mean* 
Regression Coefficient 
bo b, 
Response 
per year' 
O/ /o 
Response' 
102 1.58 131.8 -6.11=0.23" • -3.06=0.11** -4.6 
-4.-4=0.30** -- -!.5S=0.10" -3.6 
13S 0.02=0.11 « « 0.02=0.11 0.0 
124 -2.t7=0.23*'' « « -1.09=0.11** - i .6 
128 -2.23=0.23 •• • m -1.11=0.11** -1. 
100 -6.52=0.23** — -3.26=0.11** -4.9 
— -3.57=0.30** 
" 
-1.29=0.10** -2.9 
117 131.8 -2.66=0.23** -1.33=0.11** -2.0 
— -1.90=0.30** -- -0.63=0.10" -1.4 
137 0.41=0.11** «* 0.41=0.11** 0.3 
129 -0.34=0.23 » -0.17=0.11 -0.3 
128 -1.10=0.23** m m -0.55=0.11** -0.8 
116 -3.54=0.23** " -I.~7=0.11** -2." 
— -1.53=0.30** -0.51=0.10** -1.2 
113 127.9 -2.59=0.24** -1.29=0.12** -2.0 
— -1.78=0.31 ** — -0.59=0.10** -i .4 
129 0.07=0.12 -- 0.07=0.12 0.1 
127 0.06=0.24 — 0.03=0.12 0.0 
128 -0.64=0.24* • « -0.32=0.12* -0.5 
114 -2.89=0.24** -- -1.45=0.12** -2.3 
— -1.43=0.31** 
--
-0.48=0.10** - l . I  
89 1.S2 107.5 -3.78=0.27** — -1.89=0.14** -3.5 
— -2.3!=0.36** — -0."7=0.!2** -2.1 
I l l  -0.09=0.14 • m -0.09=0.14 -0.1 
109 -0.01=0.27 — -0.00=0.14 o
 
o
 
107 -1.20=0.27* * m m -0.60=0.14** -1.1 
83 -4.92=0.27** — -2.46=0.14** -4.6 
-2.53=0.36** m -0.84=0.12** -2.3 
Table A3. Observ ed mean top height for each cycle of seven selection methods and least 
squares estimates of response to selection in BSll maize population. Data combined over 11 
environments for both the So populations per se and testcrosses as well as the Si populations. 
Population 
type 
Selection 
method 
Cvcle of selection 
CO CI C2 C3 C4 
S,| populations per se 
Testcrosses to BSl 1 CO 
Testcrosses to inbred B79 
S| populations per se 
Full-sib 1 1 2  1 1 2  1 1 5  l i s  1 1 2  
Half-sib i l 5  1 1 3  1 1 0  1 1 0  
Mass'' 1 1 6  1 1 0  104 1 1 7  
Modified ear-to-row [ 1 2  1 1 3  1 16 l i s  
Reciprocal full-sib l O I  1 1 4  1 13 1 1 2  
S) -progeny 108 105 106 104 
Si -progeny 109 l i s  1 1 1  1 1 3  
Full-sib 1 1 2  1 1 4  1 1 4  1 1 5  1 1 4  
Half-sib 1 1 3  1 1 3  1 14 1 1 6  
.Mass 1 1 4  1 1 6  1 14 1 1 5  
.Modified ear-to-row 1 1 3  1 1 4  1 16 1 1 7  
Reciprocal full-sib i l l  1 1 4  in 1 1 7  
S, -progeny 1 1 3  1 1 3  1 1 2  1 1 0  
S, -progeny 1 1 2  1 1 4  1 1 5  1 1 4  
Full-sib 103 103 105 105 106 
Half-sib 106 106 109 105 
.Mass 103 106 101 105 
Modified ear-to-row 105 106 104 107 
Reciprocal full-sib 102 104 104 107 
S, -progeny 103 103 104 100 
Si -progeny 105 106 106 109 
Full-sib 102 104 105 104 !07 
Half-sib 102 101 103 97 
•Mass 102 1 0 1  94 103 
.Modified ear-to-row 101 99 103 108 
Reciprocal full-sib 92 101 1 0 1  102 
S, -progeny 97 99 98 97 
Si -progeny 101 101 103 105 
•.'"significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
Check means, in cm: B79 .X B77=l 11; B79 X Mol7 =102; 873 X 895 =113; 
B 7 3 X M o l 7 =  1 1 8 ;  B 7 9  = 8 1 .  
'Standard errors for Cycle zeros are S.E./20'" for BSI ICO and S.E/10'' for BSl ICO X B79 and for 
B S l  I C O  S i -
'bo IS an estimate of the CO mean; b/ is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
"The percentage response per cycle was calculated as the ratio of bt to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
^'C1,C2.C3, C4, and C5 correspond to cycles 2.4.6.8 and 10 for Mass selection only. 
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S.E. of Regression Coefficients ®/ /o 
C5 mean* bo b, per year Response" 
1 1 2  1.19 112.1 0.38=0.17» «* 0.19=0.08* 0.3 
-0.34x0.23 « -0.11=0.08 -0.3 
1 1 0  -0.18=0.08* — -0.18=0.08* -0.2 
1 1 7  1.10=0.17** — 0.55=0.08** 1.0 
107 -0.64=0.17** — -0.32=0.08** -0.6 
108 -i.59=0.17** «* -0.~9=0.0S** -1.4 
— 0.27±0.23 
-
0.09=0.08 0.2 
1 1 3  1 1 2 . 1  0.47=0.17** 0.24=0.08** 0.4 
— 0.73=0.23** 0.24±0.08** 0.7 
1 1 3  0.25=0.08** «« 0.25=0.08** 0.2 
1 1 6  0.96=0.17** — 0.48=0.08** 0.9 
1 1 5  0.61=0.17** — 0.30=0.08** 0.5 
I I I  -0.27=0.17 — -0.14±0.08 -0.2 
— 0.72=0.23** 
-
0.24=0.08** 0.6 
106 103.2 0.59=0.18** — 0.29=0.09** 0.6 
— !.02i0.24** • 0.34=0.08** 1.0 
107 0.22=0.09* — 0.22=0.09* 0.2 
107 0.83±0.18** — 0.41 ±0.09** 0.8 
104 0.30=0.18 — 0.15=0.09 0.3 
104 -0.13=0.18 — -0.06=0.09 -0.1 
— 1.32=0.24** 
-
0.44=0.08** 1.3 
1 0 1  1.34 100.9 0.73±0.20** « 0.37=0.10** 0.7 
— 0.0±0.27 m 0.00=0.09 0.0 
104 0.01=0.10 m 0.01=0.10 0.0 
107 1.32=0.20** — 0.66=0.10** 1.3 
98 -0.45=0.20* — -0.22±0.10* -0.4 
97 -0.95=0.20** — -0.48=0.10** -0.9 
— 0.54±0.27** 
-
0.18±0.09** 0.5 
Table A4. Observ ed mean dropped ears for each cy cle of seven selection methods and least 
squares estimates of response to selection in BS 11 maize population. Data combined over 11 
environments for both the So populations per se and testcrosses as well as the S, populations. 
Population 
type 
Selection 
method 
Cvcle of selection 
CO CI C2 C3 C4 
S„ populations per se 
Testcrosses to BSl 1 CO 
Testcrosses to inbred B79 
SI populations per se 
Full-sib I.O 1.0 1.1 1.1 0.6 
Half-sib O.S 0.9 0." 1.2 
Mass'' 0.9 0.7 1.5 I.O 
.VIodified ear-to-row O.S 0.9 0.9 1.0 
Reciprocal full-sib 0.9 0.5 1.3 1.2 
S, -progeny 0.9 0.5 O.S 0.7 
S; -progeny 1.2 1.2 1.6 1.1 
Full-sib I.O 0.9 1.1 1.1 0.9 
Half-sib l.l 0.8 0.9 1.2 
Mass 0.7 1.0 I.I 0.6 
.Modified ear-to-row 1.1 I.O 1.1 1.0 
Reciprocal full-sib 0.9 0.8 1.2 1.6 
S, -progeny l.l 0.7 0.9 0.6 
Si -progeny 1.5 l.l 1.7 O.S 
Full-sib 0.8 1.0 1.1 1.0 O.S 
Half-sib 0.7 1.0 0." 0," 
Mass O.S 0.3 0." O.S 
.Modified ear-to-row 0.7 0.9 1.0 0.6 
Reciprocal full-sib 0.3 0.6 1.0 1.1 
S) -progeny 0.7 0.7 0.5 0.6 
Si-progeny 1.0 I.O O.S O.S 
Full-sib 0.7 0.8 0.6 0.6 0.5 
Half-sib 0.9 0.6 0.5 0.6 
.Mass 0.7 0.6 0.5 0.6 
.Modified ear-to-row 0.5 0.8 0.5 0.9 
Reciprocal full-sib 0.3 0.6 0.7 0.4 
S, -progeny 0.7 0.7 0.6 0.7 
St -progeny 0,7 1.1 0.9 0.5 
'."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
'Check means, in cm: B79 X B77=1.7; B79 .X .Mo 17 =0.7; 873 X 895 =1.0; 
B73XMol7= 1.1; 879=0.5. 
•Standard errors for Cycle zeros are S.E.,20'" for BSl ICO and S.E/IO' " for BSl ICO X 879 and for 
BSIICOS,. 
'bo is an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
**The percentage response per cycle was calculated as the ratio of b, to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
'''CI.C2,C3. C4. and C5 correspond to cycles 2.4,6.8 and 10 for .Mass selection only. 
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Table A5. Obsen ed mean growing degree units to mid-silk for each cycle of seven selection 
methods and least squares estimates of response to selection in BSl 1 maize population. Data 
combined over 3 environments for both the So populations per se and testcrosses as well as 
the Si populations.'^ 
Population Selection Cycle of selection 
t>2e method CO CI C2 C3 C4 
S„ populations per se 
Testcrosses to BSl 1 CO 
Testcrosses to inbred B79 
S| populations per se 
Full-sib S94,2 S73.I 867.5 858.1 S5S.0 
Half-sib SS2.S 882.2 850.2 S50.~ 
Mass'^" 872.9 875.7 858.8 880." 
.Modified ear-to-row S72.4 885.9 S7I.5 S81.2 
Reciprocal full-sib 826.4 833.7 S59.2 S52.9 
S, -progeny S55.0 852.4 832.3 812.4 
S; -progeny S7-:'.7 871.6 847.4 S35.2 
Full-sib S94.2 884.8 886.0 871.3 873.2 
Half-sib 892.0 885.2 S76.2 882.8 
Mass 880.9 889.8 874." 894.4 
.Modified ear-to-row 888.7 901.6 887.6 887.1 
Reciprocal full-sib 849.3 857.6 S69.8 879." 
S1 -progeny 875.5 860.6 847.6 846.4 
S; -progeny 893.2 888.2 S7I.5 861.9 
FulI-sib S62.S 864.5 858.4 853.5 845.1 
Half-sib 863.9 845.9 849.2 854.4 
Mass 855.5 858.1 851.0 864.1 
Modified ear-to-row 851.2 870.8 854.3 861.6 
Reciprocal full-sib 825.6 832.0 843.7 857.4 
S1 -progeny 846.4 851.7 836.6 823.7 
$2-progeny 862.3 856.6 846.5 843.9 
Full-sib 913.0 900.4 901.1 902.7 889.4 
Half-sib 925.3 909.0 906.0 897.5 
Mass 909.3 902.9 893.5 918.1 
Modified ear-to-row 906.7 923.5 913.8 899.5 
Reciprocal full-sib 854.9 868.7 890.0 898.5 
S, -progeny 891.3 884.3 877.6 862.8 
S; -progeny 913.8 890.0 881.1 857.1 
for 
•."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively. 
'Check means, in cm: B79 X B77=S51.2; B79 .X Mo 17 =811.1; B73 X B95 =853.4; 
B73 X .Mol7 = S2S.9; B79 =940.6. 
"Standard errors for Cycle zeros are S.E..20'' for BSl ICO and S.E/'IO'" for BSllCO X 879 and 
BSl ICO S,. 
'by IS an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic term was significant. 
'Response per year calculated based on number of years to complete each cycle given previously 
'^The percentage response per cycle was calculated as the ratio of b| to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
"C1.C2.C3, C4, and C5 correspond to cycles 2,4,6,8 and 10 for Mass selection only. 
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S.E. of Regression Coefficients^ Response % 
C5 mean' bo bj bg per year' Response" 
—  V  
848.8 6.07 886.9 -8.08=0.86** — -4.04=0.43** -0.9 
3  
-8.94=1.16** ~ -2.98=0.39** 
- 1 .0 
869.8 -2.10=0.43** * « -2.10=0.43** -0.2 
863.4 -3.68=0.86** — -1.84=0.43** -0.4 
855.7 -9.85=0.86** « * -4.92=0.43** -1.1 
820.0 -16.30=0.86** « « -8.15=0.43** -1.8 
— -12.16=1.16** 
-
-4.05=0.39** -1.4 
866.3 886.9 -3.78±0.86** -1.89=0.43** -0.4 
— -1.55=1.16 ~ -0.52=0.39 -0.2 
891.3 0.14±0.43 — 0.14±0.43 0.0 
882.8 0.26=0.86 — 0.13=0.43 0.0 
868.2 -4.90=0.86** -2.45=0.43** -0.6 
841.3 -10.39=0.86** * -5.19=0.43** -1.2 
— -4.57=1.16** 
~ 
-1.52=0.39** -0.5 
835.9 859.5 -3.47±0.91** — -1.73±0.45** -0.4 
— -2.47=1.21* — -0.82=0.40* -0.3 
866.4 0.19±0.45 ~ 0.19=0.45 0.0 
857.1 -0.09=0.91 ~ -0.04=0.45 0.0 
850.6 -3.44±0.91** «* -1.72±0.45** -0.4 
833.8 -6.71=0.91** — -3.35=0.45** -0.8 
— -3.4S±1.21** 
~ 
-1.16=0.40** -0.4 
S75.6 5.80 910.0 -5.53=0.87** — -2.76=0.43** -0.6 
-1.62=1.15 • -0.54±0.38 -0.2 
914.0 -0.11=0.43 * -0.11=0.43 0.0 
910.1 -0.12±0.87 — -0.06=0.43 0.0 
891.2 -6.14±0.87** -3.07=0.43** -0.7 
865.4 -10.53=0.87** ~ -5.26=0.43** -1.2 
— -11.15=1.15** « -3.72±0.38** -1.2 
Table A6. Obsen ed mean adjusted gross value tor each cycle of seven selection methods 
and least squares estimates of response to selection m BS11 maize population. Data 
combined over 12 environments for the So populations per se and testcrosses and over 11 
environments for the Sj populations."^ 
Population 
tj-pe 
Selection Cvcle of selection 
method CO CI C2 C3 C4 
S„ populations per se Full-sib 183." 189.3 192.0 206.5 212.6 
Half-sib 206.2 204.7 200.9 199.4 
.VI ass" 192.6 202.6 198.3 207.0 
Modified ear-to-row 195.6 198.1 213.0 221.9 
Reciprocal full-sib 199.8 225.8 222.4 216.4 
S,-progeny 202.2 191.6 202.4 209.5 
S; -progeny 194.2 219.7 208.9 231.7 
Testcrosses to BSl I CO Full-sib 183.7 197.1 194.1 207.8 209.1 
Half-sib 198.2 197.1 200.9 210.0 
Mass 187.5 194.6 210.1 205.7 
.Modified ear-to-row 194.1 194.1 204.3 212.7 
Reciprocal full-sib 225.7 219.9 214.8 214.7 
Sj-progeny 194.1 195.8 208.7 216.7 
Si -progeny 184.5 221.3 221.5 232.4 
Testcrosses to inbred B79 Full-sib 253.5 254.6 248.9 273.2 266.9 
Half-sib 262.9 259.8 261.8 271.9 
•Mass 258.2 248.4 240.7 262.9 
Modified ear-to-row 251.8 264.2 274.5 271.8 
Reciprocal full-sib 224.6 277.7 272.9 264.7 
S| -progeny 252.4 248.7 247.5 267.3 
S2 -progeny 248.6 267.4 268.2 262.3 
Si populations per se Full-sib 121.4 122.9 119.7 129.1 130.6 
Half-sib 127.0 132.8 117.9 124.0 
Mass 127.8 128.6 135.5 115.6 
.Modified ear-to-row 120.0 120.1 142.8 136.4 
Reciprocal full-sib 142.4 165.5 153.9 143.0 
S1 -progeny 136.6 140.3 145.3 149.6 
S: -progeny 132.2 150.1 151.1 156.7 
•."significant linear or quadratic response at the 0.05 and 0.01 probability levels, respectively, 
'Check means, in cm: B79 X B77=257.4; B79 X Mo 17 =332.7; 873 X B95 =249.2; 
B73 X .Viol7 = 312.0; B79 =55.8. 
"Standard errors for Cycle zeros are S.E.. 20'" for BSl ICO and S.E/ IO'" for BSl ICO X B79 and for 
BSIICOS,. 
'bo IS an estimate of the CO mean; b, is an estimate of the average rate of response 
per cycle; bq is included to indicate when the quadratic term was significant. 
"Response per year calculated based on number of years to complete each cycle given previously 
'^The percentage response per cycle was calculated as the ratio of b| to the estimated CO intercept 
and multiplied by 100. 
"Cycle not included in study. 
"C1.C2,C3, C4. and C5 correspond to cycles 2,4,6,8 and 10 for Mass selection only. 
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S.E. of 
mean* 
Regression Coefficients^ Response % 
Response" C5 bo b, bq per year 
c 
199.6 6.09 186.8 4.36=0.87" -- 2.18=0.43** 2.3 
4.94=1.16" m *  1.65=0.39** 2.6 
216.2 2.73=0.43" — 2.73=0.43** 1.5 
226.6 S.18=0.87** — 4.09=0.43** 4.4 
213.3 5.17=0.87" « * 4.09=0.43** 4.4 
215.7 5.60=0.87" — 2.80=0.43** 3.0 
— 10.65=1.16" 
--
3.55=0.39** 5.7 
216.5 186.8 5.93=0.87" 2.97=0.43** 3.2 
— 5.58=1.16** — 1.86±0.39** 3.0 
200.8 2.11=0.43" — 2.11=0.43** 1.1 
225.8 6.79=0.87** ~ 3.40=0.43** 3.6 
229.9 9.40=0.87** m * 4.70=0.43** 5.0 
213.0 6.22±0.87** — 3.11=0.43** 3.3 
— 11.79=1.16** 
-
3.93=0.39** 6.3 
260.1 249.7 3.53=0.91** 1.77=0.45** 1.4 
— 5.28=1.21** — 1.76=0.40** 2.1 
268.1 LI 2±0.45* — 1.12=0.45* 0.4 
278.7 6.162:0.91** ~ 3.08±0.45** 2.5 
277.6 5.45=0.91** — 2.73=0.45** 2.2 
279.6 3.89=0.91** « « 1.94=0.45** 1.6 
— 4.67=1.2!** 
-
1.56=0.40** 1.9 
145.9 5.22 124.1 2.54=0.78** • 1.27=0.39** 2.0 
— 0.04=1.04 — 0.01=0.35 0.0 
124.6 0.14=0.39 — 0.14±0.39 0.1 
140.4 3.17i0.78** — 1.59±0.39** 2.6 
158.5 7.96=0.78** mm 3.98=0.39** 6.4 
151.0 6.27i0.78" — 3.14±0.39** 5.1 
— 9.05=1.04** 
~ 
3.02=0.35** 7.3 
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Table A7. Inbreeding depression in acmal units for five unselected agronomic traits. 
Selection Method 
Trait 
Modifled Reciprocal s, SI 
Cvcle Full-sib Half-sib Mass' ear-to-row full-sib progeny progeny 
CO 34.9»* 
CI 24.3** 30.5" 30.3** 21.6"* 22.8** 30.0** 27.3** 
C2 25.0** 29.S** 26.2** 25.8*' 28.7** 23.0** 3S.5** 
C3 21.6** 31.8** "•1 1** 34.4** 26.7** -> J 
C4 21.S*- 24.8*"' 39.6''- 28.5*"' 27.5** T [ 29.6** 
C5 20.5** — 29.1-* 22 7** 28.6** 28.4** — 
CO 24.S** 
CI 1S.6»'' 18.7** IT*.3** 12.3** 14.4** 21.4** 21.~** 
C2 I3.9** 18.8" 19.5*'' 14.0** 16.7** 18.4** 20.9** 
C3 I4.2** 16.7** n g** 13.5** 23.1** 19.0** 14.6** 
C4 IT.I*" 13.9" 25 2** 20.1** 16.9** 15.0** 20.4** 
C5 11.4** — 24.4*- 13.9** 19.3** 17.0** — 
CO 9.8** 
CI 6.2** 11.5" 12.9** 9 2** 8.8** S.5** 6.2** 
C2 \1.5** 10.7»* 6.3** 11.9** 11.9** 4.6* 17.0** 
C3 13.7** 5.6** 9.4*'' 9.6** 11.5** ".3** 6.4** 
C4 4.4* 10.7" 14.5*" 9.0** 10.3** 6.1** 9.1** 
C5 9 4»« — 5.5**' 8.3** S.7»* 10.9** — 
CO 0.2** 
CI 0.2 -0.1 0.2 0.3 0.6* 0.3 0.5 
C2 0.6* 0.3 0.3 0.0 -0.1 -0.2 0.1 
C3 0.5 0.1 l.O** 0.5 0.7* 0.3 0.8** 
C4 0.2 0.7* 0.5 0.3 0.8** 0.2 0.7* 
C5 0.2 — 0.0 0.7* 0.5 0.0 — 
CO -18.8**' 
CI -27.3*- -42.5** -36.4*- -34.3** -28.5** -36.3** -36.1** 
C2 -33.5** -26.8** -27.2** -37.6** -35.0** -31.9** -18.4 
C3 -44.6** -55.8** -34.7** -42.3** -30.8** -45.3** -33.7** 
C4 -31.4*'* -46.8" -37.4** -18.3 -45.6** -50.4** -21.9** 
C5 -26.8** -44.2** -46.7** -35.5** -45.4** — 
Ear height (cm) 
Top height (cm) 
Dropped ears (%) 
GDL'(°C) 
indicates significance at p = 0.05 and O.OI respectively. 
'C1,C2,C3.C4 and C5 correspond to cycles 2,4,6.8 and 10 for Mass selection only. 
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APPENDIX B. SUPPLEMENTAL TABLES FOR EFFECTrV-E POPLT.ATION SIZE RESPONSES 
Table Bl. Observed mean plant heights for each cycle of four selection IHC(IUKIS and least squares estimates 
ol'response to selection in the BSl 1 maize population. Data combined over 11 environments for both the S„ 
populations per se and testcrosses as well as the S| populations.' 
Population 
type 
Sclcctioii Cycic of sclcctioii S.K. of 
iiicaii' 
Kc{>rcssioii cocfficiciits^ Response 
response" nicihod CO CI C2 C3 C4 (5 bo 1)1 b, per year 
populiitions per sc 5-Sl 246 240 233 234 231 ..." 1,68 244,0 -3,.59i0.32** -1.7910.16** -1.5 
lO-Sl 243 237 234 230 .... -3,3310.32* • - -I.67i0.16** -1.4 
2()-Sl 234 228 219 206 209 -8.07i0.24** -4.0310.12** -3.3 
30-81 241 233 221 229 .... -5,12i0.32»* *• * -2..5610.16** -2.1 
I cslcrosscs to IJSI1 CO 5-S) 246 247 245 251 251 — 244.0 1.7510.32** .. 0.K710,16** 0.7 
10-SI 247 244 244 240 . . . .  -0.4010.32 -- -0,2010,16 -0.2 
20-SI 241 238 235 224 227 -3,81 iO.24** - - -1,91 iO 12** -1.6 
30-Sl 245 245 238 2.34 .... -I.85i0.32** • -0.9310.16** -0.8 
Teslcrosses lo inbred 1379 5-SI 231 233 230 234 236 — 231.0 0,9710.33** - - 0.4910.17** 0.4 
lO-Sl 238 235 229 232 .... 0.4210.33 » 0.2110.17 0.2 
20-Sl 229 226 224 215 217 -2.9710,25** - - -I.49i0.l3** -1.3 
30-Sl 231 229 225 226 .... -1,3610,33** 
- -
-0.68l0.17** -0.6 
S| populations per se 5-Sl 209 211 207 207 206 — 2.28 208.9 -0.6410.45 - - -0.3210.23 -0.3 
10-Sl 217 209 208 207 — -0.1110.45 - - -0.0510,23 -0.1 
20-Sl 201 204 190 183 179 -5.9410.14** - - -2.9710.17** -2.8 
30-Sl 209 205 197 201 — -2.601045** - - -1.3010.23** -1.2 
*,**signiriciinl linear or qiiudralic response at the 0 ()5 anil O.OI prohahility levels, respectively 
'Check means, in Mg ha B7'J X H77-234. U7'J X Mol7 22.1, U73 X B95 - 235, B73 X Mol7 234, [m lOl 
'Standard errors for Cycle 0 arc S f-:./2()"- for HSI ICO and S li/io'" for USI IC() X H7y and for HSI ICO S, 
is an estimate of the CM) mean; b/ is an estimate of the average rate of response per cycle, bq is included to indicate when the quadi.itic teim »as siginficani 
"Response per year was calculated as the response per cycle divided by 2, the number of years required to complete a cycle of selection 
" I'he percentage response per cycle was calculated as the ratio of b; to the estimated I'd intercept and multiplied by 1(10 
"Cycle not included in study. 
Table B2. Observed mean ear heiglils for eacli cyclc of four seleclion methods and least squares estimates of 
response to selection in the BSl I mai/e population. Data combined over I i environments for both the S„ 
populations per se and testcrosses as well as the S, populations.' 
Population 
type 
Selection Cycle or selection S.K. of 
mean' 
Regression cocfllcienls^ Response % 
II 
response niclliod CO (M C2 C3 C4 ("5 b() h| per year 
S|, populations per se 5-SI 134 128 120 118 114 1.58 131.8 -4.72i0,30*» . .  -2,.)6iO,15** -3 6 
ID-Sl 129 127 119 114 — -4.11 lO.U)** - - -2,0610,15** -3.1 
20-Si 127 123 112 102 100 -6.52i0.23»* - - -3,2610,11** •4.9 
3()-Sl 130 122 116 116 -4.35iO..M)*» 
-
-2.1810.15** -3.3 
Tcstcrosscs to HSl 1 C!0 5-Sl 1.34 129 129 135 132 131.8 0,0110.30 * 0,0110,15 0.0 
lO-Sl 132 131 129 126 -1.1310,30** - - -0,5710,15** -0,9 
2()-Sl 129 125 123 114 116 -3,.54t0,23»* -- -l,77i0,l 1** -l.l 
3()-Sl 131 133 124 122 .... -1.9910..M)** * -0,9910,15** -1,5 
Tcslcrosses to inbred 1)79 5-Sl 128 127 126 127 125 127.9 -0.7010,31* - - -0.3510.16* -0,5 
lO-SI 130 129 124 124 -0.7210.31* - - -0..U) 10.16* -0,6 
20-Sl 12() 124 119 115 114 -2,89iO,24** - - -1.4510,12** -2,3 
3()-Sl 128 127 123 121 .... -1,4910.3 r* - - •0,7410,16** -1.2 
S| populations per sc 5-Sl 108 106 102 100 97 — 1 82 107.5 -2.71 10 ..U)** . .  -1.3610. IK** -2 5 
lO-Sl 111 107 105 102 — -1,0310,36** - - -0,5210,18* -1,0 
20-SI 103 104 93 86 83.0 -4,9210,27** - - -2,4610,14** -4,6 
30-S) 110 105 98 99 — -2,2210,36** . .  -1,11 10.18** -2,1 
*/*.signincaiil linear or quadratic response at Ihe 0 (15 and 001 probahility levels, ies|)etlively 
'cheek means, in Mg ha B79 X U77-122; U7'J X Mol7 - 120,1)7.1 X Ii95 122, U7.) X Mo 17 117,1)79 117 
'standard errors for Cycle 0 are S.I-./2()"" for USI ICO and S.li/io'' for HSl ICO X 1)79 and lor DSI ICO S, 
IS un estimate of the CO mean; b/ is un estimate of the aveiaj^e rate of response pei cycle, bi) is included to indicate when the quadi.itic tcini was si(;nificanl 
'Response per yeur was calculated us the response pei cycle divided by 2, the number of years leijuiied to complete u cycle of selection 
"The percentage response per cycle was calculated as the latio of b| to the estimated CO inteicept and multiplieil by 100 
"('yc)c nol inclijJcJ in sludy 
Table B3. Observed mean top heights for each cycle of four selection methods and least squares estimates of 
response to selection in the BSl 1 maize population. Data combined over 11 environments for both the S„ 
populations per se and testcrosses as well as the S| populations.' 
Population 
type 
Sclcctioii Cycle of selection S.E. of 
incan^ 
Regression coefricients^ Kespunse 0/ /o 
response" method CO CI C2 C3 C4 C5 hu l>i h., per year 
S„ pupulutions per se 5-SI 112 113 113 116 117 ..." 1.19 112.1 I.l3i0.23*» -- 0.5710.11** 1,0 
lO-Sl 114 111 116 116 — 0.80i0.23»» - - 0.40U).I1** 0,7 
iD-ai 108 105 106 104 108 -l,59i0.17*» * * -0.7910.08** -1.4 
30-Si I I I  110 105 113 .... -0.7210.23* • • » -0.,36i0.ll** -0.6 
Teslcrosses to USl 1 CO 5-Sl 112 118 116 116 119 112.1 1.7410.23* • -- 0.8710.11** 1,5 
10-Sl 115 113 115 114 0.7510.23** - - 0.3710,11** 0,7 
20-Sl 113 113 112 110 I l l  -0,2710.17 -- -0.1410,08 -0,2 
30-Sl 114 112 114 112 .... 0.1510 23 - - 0,0710,11 0,1 
Teslcrosses to inbred B79 5-Sl 103 106 105 107 112 103.2 1.6610.24* • -- 0.8310,12** 16 
lO-SI 108 105 105 108 I.09t0.24** - - 0,5510.12** 1,1 
20-Sl 103 103 104 100 104 -0.1310.18 - - -0.0610.09 -0,1 
30-Sl 102 102 102 106 .... 0.1210.24 • 0.0610,12 0,1 
S| populations per se 5-Sl 101 104 105 107 109 — 1.34 100.9 2.0910.27** - - I.0410.I3** 2,1 
lO-Sl 105 102 104 105 — 1.0010.27** - - 0,5010.13** 1.0 
20-Sl 99 99 98 97 96 -0.95i0.20** - - -0.4810,10** -0.9 
30-Sl 99 100 98 lUI — -0.3S 10.27 - - -0.1910.13 -0.4 
*,**signincani linear or quadratic response at the 0  0 5  and 0.01 probability levels, respectively 
Vheck means, in Mgha': im X H77 111, 1)79 X Mol7 -102; H73 X 1W5 -113; H7.1 X Mol7 118; im 81 
'standard errors for Cycle 0 are S.li./2()''* for HSl ICO and S.h/lo'" for HSI ICO X 1)79 and for BSl ICl) S, 
'b|) is an estimate of the CO mean; b^ is an estimate uf the average rate uf response per cycle, hq is included to indicate when the quadratic tenii was significant 
"Kespor)se per year was culculuted as the response per cycle divided by 2. the number of yeais required to complete a cycle ot selection 
I'he percentage response per cycle was calculated us the rutio of b| to the estimated CO inteicept and inultiplied by 100. 
"Cycle not included in study 
Tabic B4. Observed mean dropped ears for each cycle of four seleclion mclhods and Icasl squares eslimmcs 
of response to selection in the BSl 1 maize population. Data combined over 11 environments for both the S„ 
populations per se and testcrosses as well as the S| populations.' 
Population 
type 
Sclcctioii (.'yclc of sclcctioii S.K. of 
mcuii* 
KcKrcssion cocfficiciits^ Kcspuiisc "/ /o 
response" nictliud CO (1 C7 C3 C4 ('5 K  l)i h., per year 
0;, 
S„ populations per se 5-Sl 1.0 1.2 1.0 1.4 1.3 ..." 0.22 0.97 0.1010.04* 0.0510.02* 9.9 
lO-Sl 0.9 0.6 0.8 0.6 .... -0.09 i 0.04* -0.0510,02* -9.7 
2()-SI 0.9 0.5 0.8 0.7 0.5 -0.0910.03* • -0,0510,02** -9 3 
30-SI 1.3 0.9 0.3 0.8 .... -0.0810.04 -0,0410,02 -8.6 
l estcrosses to I)S11 CO 5-Sl 1.0 1.3 0.8 1.3 1.7 0.97 0.13 10.04 •• 0,0610,02** 13 3 
lO-Sl 0.5 0.6 1.1 0.9 -0.04 10.04 -0,0210,02 -3,8 
20-SI 1.1 0.7 0.9 0.6 LO -0.04 10.03 -0,0210,02 -3.7 
30-SI 0.8 0.8 0.6 0.6 .... -0,l0i0.04* -0,0510,02* -10,7 
I cslcrossc!) to inbred 1)79 5-Sl 0.8 0.6 0.8 1.4 1.4 — 0.79 0.1410.04** 0()7i0,()2** 17,3 
lO-SI 0.9 1.0 0,7 0.6 -0.02 10.04 -0,01 10,02 -2.1 
20-SI 0.7 0.7 0.5 0.6 O A  -0.0710.03 -0,0410,02 -8,9 
30-SI 0.7 0.5 0.4 0.6 .... -0.0910.04 • -0,0410,02* -11,0 
S| populations per se 5-Sl 0.7 1.0 0.9 0.9 1.0 — 0.17 0.70 0.0810.03** 0,0410.02** 11,8 
lO-SI 0.6 0.5 0.7 0.7 — -0.0210.03 -0.01 10.02 -2,5 
20-SI 0.7 0.7 0.6 0.7 0.4 -0.0310.03* -0.0210.01* -4,7 
30-SI 0.5 0.5 0.5 0.4 — -0.0810.03 -0.0410.02 -11,5 
•/'sigiiiricanl linear or quaiirulic respon.se al the 0 ()5 ami 0Ol probability levels, respectively 
'Checkiiieans, inMi-ha'iin'JXU??-! 7, U79XMol7-()7, H73XHy5 10, H7.1 X Mol7 I 1,1179 05 
'standard errors for Cycle 0 are S li /2o''' I'or HSI ICO and S.li/io'" for HSI ICO X U7V and (in H.Si ICO S, 
is un estimate of the CO mean; b^ is an estiniale ot the average rate ol response per cycle, bq is included to indicate when the quadratic teini was signil'icant 
"Response per year was calculated as the response per cycle divided by 2, the number of years required to complete a cycle of selection 
"The percentage response per cycle was caicuiuted as (he ratio of h| to the estimated ('0 intercept anil nuiltiplied by 100 
"Cycle not included in study. 
Table B5. Observed mean growing degree units to mid-silk for each cycle of four selection methods and least 
squares estimates of response to selection in the BSl I mai/e population. Data combined over 3 environments 
for both the S,)populations per se and testcrosses as well as the S| populations.^ 
Population 
lypc 
Sclcclion 
method 
Cycle of selection S.E. of 
mean' 
KcKression coefficienls^ Response % 
response" CO CI C2 C3 C4 C5 •>(i h, l>, per year 
^ ' 
So populations per sc 5-Sl 894,2 878,6 868.4 899.7 870.7 ..." 6.07 886.87 -2,3811,16» . .  -1.1910.58* -0.3 
lO-SI 860.7 869.9 859,2 868.9 .... -7,l7i 1.16*» ** -3.5810.58** -0.8 
20-Sl 855.0 852.4 832.3 812.4 820.0 -16.3010,86** • • -8,1510.43** -1.8 
30-Sl 869.8 858.7 860,5 851 6 .... -9,7911,16** * -4.8910.58** - I . I  
'I'cstcrosscs to DSl 1 CO 5-Sl 894.2 881.9 877.9 897,3 880,8 — 886.87 -0,5311,16 .. -0,2610.58 -0,1 
lO-Sl 882.4 883.6 877,1 870,9 .... -3,471 1,16** - - -I,74i0,58** -0.4 
20-SI 875.5 860.6 847,6 846.4 841,3 -10..VJ10.86** * -5,1910,43** -1.2 
3(KSI 874.2 874.4 867,6 857,0 .... -7,1611,16** -3.5810,58** -0,8 
I'cslcrosscs to inbred B79 5-Sl 862.8 852.6 852.8 855.4 844,9 859,49 -3,0311,21* .. -1,5210,60* -0,4 
10-Sl 861.1 851.9 855.0 855.0 .... -1.5011.21 -- -0,7510,60 -0,2 
20-Sl 846.4 851.7 836.6 823,7 833.8 •6,7110,91 *• - - -3,35i0,45** -0,8 
30-Sl 859.2 844.8 857.4 840,9 .... -3,6811.21** 
- -
-1,8410.60** -0,4 
S| populations per sc 5-Sl 913,0 908.5 903.5 920,1 922,0 — 5.78 910,00 2.1311,15 * * 1.0610.58 0.2 
lO-SI 9)2.8 908.9 902.3 884.1 — -4.2011.15** * •2.1010.58** •0,5 
2()-Sl 891,3 884.3 877,6 862.8 865.4 -10.5310,87** - - -5.2610.43** •1.2 
3()-Sl 911.4 888.0 887.2 871.6 — -8.821 1.15** - - -4.41 10.58** 1.0 
*,**sij;niricanl linear or quadratic response al the 0.05 and 0 ()1 probability levels, lespectively 
'C:hcck means, in Mg ha im X H77- 851 2, H7<> X Mol7 -81 I.I, H73 X l i 'J5 85.V4, 1)7.1 X Mol7 828 9,1)79 WO 6 
'standard errors for C'ycle 0 arc S.I; /2()'' I'ur USI H'O and S.h/io'" for BSl ICO X 1)79 and lot DSl U'O S, 
^b„ is an esliniate of the C'O mean; b/ is an estiniate of the average rate of response per cycle; bq is included to indicate when the quadiatic tciiu was signiltcant 
"Response per year was calculatcd as the response per cycle divided by 2. the number of years required to complete a cycle of selection 
"The perccnlage response per cycle was calculated as the ratio of b| to the estimated CO intercept and multiplied by 100 
"Cycle not included in study. 
I'ahlc BO. Observed mean adjusted gross value Ibr each cycle of lour selection methods and least sijuares 
estimates of response to selection in the BSl 1 maize population. Data combined over 12 environments for the 
S(,populations per se and testcrosses and over 11 environments for the Sj populations.' 
I'opulatioii 
type 
Selection 
method CO 
('ytie of selection S.K. of Reuressioii coefficients 
("1 C2 C'3 {'4 (•5 meuir 
Kespoiise 
per year" 
«/ /« 
response* 
» ilCIC 
S(, populations per se 5-Sl 183.7 169.1 166.4 162.8 146.8 6.09 186.76 -9.67i 1.16»» - - -4.83iO.58** -5.2 
lO-Si 182.7 211.3 216.3 220.7 . . . .  8.9811.16* • -- 4.4910.58** 4.8 
20-S! 202.2 191.6 202.4 209.5 215.7 5.6010.87** -- 2.8010.43** 3.0 
30-Sl 199.6 202.8 208.7 215.8 . . . .  7..5611.16** - 3.7810.58* • 4.1 
Tcstcrosscs to BSl 1 CO 5-Sl 183.7 185.2 198.5 203.4 198.9 — 186.76 4.0111.I6** 2.01 10.58'* 2.1 
10-SI 191.0 205.2 216.2 225.3 . . . .  9.451 I.I6** 4.7310.58** 5.1 
20-Sl 194.1 195.8 208.7 216.7 213.0 6.22i().87** 3.11 iO.43** 3.) 
30-Sl 196.2 219.8 221.0 228.0 . . . .  1 1.441 I.16** 
- -
5.7210.58** 6 1 
Tcstcrosses to inbred 1)79 5-Sl 253.5 238.5 252.9 263.1 265.9 — 249.71 3.341 1.21 •• . .  1.67 10.61 •• 1.3 
10-SI 242.2 270.0  271.4 270.0  . . . .  5.9811.21 •• -- 2 9910.61 •• 2.4 
20-Sl 252.4 248.7 247.5 267.3 279.6 3.8<)i0.9r* • 1.94 10.45* • 16 
30-Sl 258.2 253.6 261.0 272.9 . . . .  4.76i l,2r» - - 2.38I0.6I** 1 . 9  
S,  populations per se 5-Sl 121.4 125.4 116.3 102.2 105.8 — 5.22 124.11 - 5 . 1 1 1 1 . 0 4 » *  - - -2.55i0.52»» -4.1 
10-SI 119.2 146.5 153.3 170.3 . . . .  10.4111.04* • 5.2010.52* • 8.4 
20-Sl 136.6 140.3 145.3 149,6 1 5 1 . 0  6.27i0.78»* - - 3 . 1 4 i 0 . 3 9 » *  5 . 1  
30-Sl 139.9 1 5 1 . 8  150.3 166.0 . . . .  10.5811.04** 
- -
5.2910.52* • 8.5 
•/•significant linear or quadratic response at the 0 ()5 and 0 01 probability levels, respectively 
'Chfck niciins, in Mg ha 1579 X 1)77 257.4,1)79 X Mol7 .)32 7, 1)7.) X 1)95 24') 2. 1)7.) X Mol7 .)12 (I, 1)79 55 K 
'standard errors for ('yclc 0 arc S.I!./2()'" for DSt ICO and S ti/lo'" for l)SI ICO X 1)79 and for DSI ICO S, 
IS an csliiualc uf the (H) mean; b/ is an cslinuitc of the average rale of resjionsc pei cycle, IH| IS included to indicate when the i|iiadialic teiiii was signilicant 
"Response per year was calculated as the response per cycle divided by 2, the nunibei of years iei)iiiied to complete a cycle ol selection 
" fhc percentage response per cycle was calculated as the ratio of b| to the cstimaled ('0 imercepi and multiplied by 100 
"Cycic not included in study. 
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Table CI. X matnx used for estimating the genetic parameters of the Smith (1983) tnodel. 
Entn 6
 
S
 
>
 
r
 
DUs; DO«si DQ 1.151 > r
 
I/l DLs, DQs.  .\Li.)si 
BSlICO i 2 0 0 0 0 0 0 I) I) 0 0 
BSil 5-SIiCI I 2 2 2 ; 1) 0 0 0 1) 0 0 
BSIl 5-siic: i 2 4 4 S ') 0 0 1) 0 0 0 
BSl 1 5-SIiC3 1 2 t j  0 IS 0 1) 0 1) 0 u 0 
BSl I 5-siiC-; \ 2 S S 32 0 1) 0 0 <J 0 0 
BSl 1 lO-SlKTI ! 2 0 0 2 1) 0 0 0 
BSl 1 10-si ic: I 2 0 .) >)  4 4 s 0 0 0 ri 
BSIl lO-SI iC3 1 2 0 0 0 (J n !8 1) 0 I) i) 
BSll lo-snc-i 1 2 0 1) 1) s s  ^-» 1) 0 0 0 
BSl I SliCI : 2 0 0 0 1) 0 2 2 ' )  
BSIl snc; ! 2 0 1) 0 I) 0 0 4 4 8 0 
BSIl SI iC3 I 2 1) 11 1) 0 0 r> fy iS 1) 
BSll SIKT-l 1 2 U 0 0 0 0 0 s s 1) 
BSIl snc5 1 2 1) 1) 0 0 0 0 iO 10 50 0 
BSIl 30-SI iCI 1 2 0 1) 0 0 0 0 0 0 2 
BSIl 30-snc: 1 2 0 0 0 1) 0 0 0 0 0 J, 
BSll 30-Sl >C3 I 2 0 0 0 0 0 0 0 0 0 f) 
BSll 30-Sl)C4 2 0 0 0 1) 0 0 0 0 0 s 
BSll S2)Cl 1 2 0 0 0 0 1) 1) 0 0 0 0 
BSIl S2x:;  1 2 0 0 0 0 0 0 0 0 0 0 
BSl I s:iC3 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl S2)C4 I 2 0 0 0 0 0 0 1) 0 0 1) 
BSll Hixri I 2 0 0 1) 1) 1) 0 0 0 1) 0 
BSIl HnC2 i  2 0 0 0 0 0 0 1)  0 0 1) 
BSIl Hnc3 I 2 0 0 1)  0 1)  0 0 0 ') 0 
BSll HIK:4 i  2 0 0 u 1)  0 0 1) 0 0 0 
BSIl FS)C1 1 2 0 0 0 0 0 0 0 0 0 0 
BSll FSK:; I 2 0 0 0 0 0 1) 0 0 0 0 
BSIl FSKTj 1 2 0 0 0 0 1) 0 0 0 0 1) 
BSl I FSK:-; 1 2 0 0 0 0 1) 0 0 0 0 0 
BSll FS»C5 2 0 IJ 0 0 0 0 0 0 0 0 
BSl I MERKTI 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl MER)C; 1 2 0 0 0 1) 0 0 0 0 0 0 
BSIl MERK:3 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl MER>C4 1 2 0 0 0 1) 0 0 0 0 0 1) 
BSIl MER )C5 1 2 0 0 0 0 0 0 0 0 0 1) 
BSIl MK:2 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl M)C4 1 2 0 0 0 0 0 0 0 0 0 0 
BSll M)C6 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl MlCS 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl MKTIO ! 2 0 0 0 0 0 0 0 0 0 1) 
BSll FRK"! 1 2 0 0 0 0 0 0 0 0 0 0 
BSIl FR)C2 1 2 0 0 0 0 0 0 0 0 0 0 
BSll FR)C3 1 2 0 0 0 0 0 0 0 0 0 0 
BSll FR)C4 1 2 0 0 0 0 0 0 0 0 0 0 
BSll FR)C5 1 2 0 0 0 0 0 0 0 0 0 0 
BSll 5-SI)Cl XBSlI 1 2 I I 0 0 0 0 0 0 0 0 
BSll 5-Sl)C2XBSll I 2 2 2 0 0 0 0 0 0 0 0 
BSIl 5-Sl)C3 XBSIl 1 2 3 3 0 0 0 0 0 0 0 0 
BSll 5-Sl)C4XBSll 1 2 4 4 0 0 0 0 0 0 0 0 
BSll lO-SDCI XBSIl 1 2 0 0 0 1 1 0 0 0 0 0 
BSl 1 10-SI)C2XBS1I 1 2 0 0 0 2 0 0 0 0 0 
BSll 10-S1)C3 XBSIL I 2 0 0 0 3 3 0 0 0 0 0 
BSIl I0-S1IC4 X BSl 1 1 2 0 0 0 4 4 0 0 0 0 0 
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Table Cl. Continued. 
Entrv AO DO AL.51 DL.s,  DO^si  AL I O S I  DQlOSl A L 5 I  DL,i  DOs,  
BSIKSDCI XBSll  I  ;  0 0 0 0 0 0  1 I  0 0 
Bsiusnc;  x b s i i  ;  0 0 0 11 0 0 2 0 ') 
BSlHSnCj X BSll  ;  I) 0 0 1) 0 0 t  n 0 
B S I U S D C - J  X B S l l  ;  ;  0 0 1) 0  0  0  4 4 0 1) 
BS11(S1)C5 XBSll  : (J 0 0 0 0  0  5  5  0 ' ) 
BSnOO-SDCI X BSll  :  ;  0 IJ 0 1 )  0 0 0 n  1 )  I  
Bsiu3o-si>c:xBsn i 2  0 0 ') I )  1 )  0 0 0  0 
BSll(30 -ShC:- XBSll  i  ;  0 0 0 l l  0 0 0 0  0  3  
B S l  U 3 0 - S I  K T - J  X  B S I  I  ; ; ') 0 0 0 1 )  0 I ' l  1 )  0 4  
BS11(S2 )CI X BSll  i ;  0  0 0 0  0 1 )  0 0 0 I )  
BS11(S2)C;  XBSll  I ;  0 0 0 0  0  0  0 1)  u  1) 
BSI 1(S2)C3 X BSll  1 2  0  0  0  0  0  0  0  1)  0  'J 
BS11(S2)C4 X BSll  1 2  0  u 1) 1)  0  0  0  0  ') 0  
BSlKHllCI X BSll  I  2 0  0 0  0  ') 0 0 1) 1) 0 
BS11(HIK:2 XBSll  1 2  0  0 0 0 0 0  0 0 0 0 
BSll(Hi)C3 XBSll  1 2  0  0  0  0 IJ 0 0 0 0  1) 
BSI 1 ( H I )C - 1  XBSll  i  2 0  0  0 ') 0 0 1 )  0 0 1) 
BSIUFS)C1 XBSll  !  2 0  0 0 0 0  0  0 0 0 1) 
BSIUFSK:2 XBSll  1 2  0  0 0 0 0 1) 0  0 0 0 
BSIUFSKTJ XBSll  !  2 0 0 0 0 0 0 0 0 0 0 
BSU(FS)C4 XBSll  1 2  1) 1) 0  0 0 0 0 0 0 1) 
BSIUFS)C5 XBSll  i  2 0  0 0 0 0 0 0 0 0 0 
BSIUMERICI XBSll  1 2  0  0 0 0 1 )  0 0 I )  0 0 
BSI1(MER)C2 XBSll  1 2  i j  0 a 0 0 0 0 0 0 0 
BSI1(MER»C3 XBSll  I  2 0 0 0 0 0 0 0 0 0 0 
BSI UMER)C-t  XBSll  !  2 0 0 0 0 0 0 0 0 0 0 
BSI l (MER)C5 XBSll  I  2 0 0  0  0  0  0  0  0  0  0  
BSI 1(M)C2 XBSll  1 2  0  0  0  1 )  0  0  0  ') 0  0  
B S n ( M ) C 4  X B S l l  1 2 0 0  1 )  0  0  0  0  0  0  0  
BSI l (M)C6 XBSll  1 2  0  0  0  0  0  0  0  0  0  0  
B S I U M K T S  X B S l l  I  2 0 0  0  0  0  0  0  0  0  0  
BSU(M)C10 XBSll  1 2  0  0  0  0  0  0  0  0  0  0  
B S I K F R I C I  X B S l l  i  2 0 0  0  0  0  0  0  1 )  1) IJ 
BS11(FR)C2 XBSll  2 0 0  0  0  0  0  0  1) 0  0  
BSI1(FR)C3 XBSll  1 2  13 0 0 0  0 0 0 0  1) 0  
B S l l ( F R ) C 4  X  B S l l  1 :  0 0 0 0 0 0 0  0 0 1) 
BSU(FR)C5 XBSll  1 2  0  0  0 0 0 0 0  0 0 0  
BSIICOSI I  1 0 0  0  0  0  0  0  0  0  0  
BS1U5-S1)CI SI  1 1  2  1 1 0  0  0  0  0  0  0  
BSII(5-SI)C2S1 I  1 4 -) 4  0  0  0  0 0 0 0 
BSIU5-S1K:3 SI  1 1 6 3 9 0  0  0 0 0 0 0 
BSI U5-S1)C4S! 1 1 S 4  16 0 0  0  0  0 0 0 
BS1UI0-SI)C1 SI  1 I  0 0 0 T 1 1 0  0 0 0 
8Sn(I0-SI)C2SI 1 1 0  0 0 4  T  4  0 0 0 0 
BSn(lO-Sl)C3 SI  1 1 0  0 0 6 3 9 0 0 0 0 
BSll(10-Sl)C4Sl  I  1 0 0 0 8 4  16 0 0 0 0 
BSIKSDCI SI  1 1  0  0  0 0 0  0  T  1 1 0 
b s i i ( s i k : 2 s i  1 1 0 0 0 0 0  0  4  -I 4  0 
BSU(S1)C3 Sl  I  1 0 0 0 0 0  0  6 3 9 0 
BS1I(S1)C4SI 1 1 0  0 0 0 0 0 s  4  16 0 
BS11(SI)C5 SI  I  1 0 0 0 0 0 0 10 5 25 0 
BS11(30-SI)CI SI  1 1 0  0 0 0 0 0 0 0 0 
BSIU30-SI)C2S1 1 1 0  0  0 0 0  0 0 0 0 4  
BSI1(30-SI)C3S1 1 I  0 0 0 0 0  0  0 0 0 b 
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Table CI. Continued. 
Entr\  AO DO AL<s, DUs. DQrSl •• ' 'Liosi DQigsi ALsi DLs, DQs, ALiosi 
BSI I i30-Sl iC-l  SI  i  !  0 0 0 () I) 11 0  0 0 s 
BSI I |S2»C1 SI i  !  1) 0  0 0 ') 0 0 0 
BSII iS2)C;Sl 1 ; I'l 0 0 1) 0 0 0 0 1) 
BS1US2IC3 SI !  1 0  0 0 0 0 0 0 0 ' )  ') 
BSI I(S2)C4 SI i  !  0 0 0 0 0 I)  l )  f )  0 IJ 
BSI KHtKTI SI !  I  ' )  0 0 0 0  0 ' )  1) 0  ' )  
BSI UHI)C2 SI i  ;  0 0 0  I ' l  0 1) 1) 0  I I  1) 
BSI KHIlC:-  SI  i  ;  ' )  0 0 1) i )  I )  0 0 0 1) 
BSI l (HllC4 SI !  ;  0 0 0  'J i j  1) ) 0 0 • '  
BSI KFSiCI SI :  :  0 0 I I  0 0 0 1) 1) 0  1) 
BSI l (FS)C2 SI ;  i  0 I)  0 ( )  ' )  1) . )  0 (1 1) 
BSI I (FS)C3 SI !  i  0 0 1) 1) 1) 0  0 0 1) 0  
BSIl(FSlC4Sl 1 !  1) 0  0 0 0 1) 0  ' )  0 
BSIUFSlCSSl :  1 0 0 0 1) 0 0 0 0 0 u 
BSIUMERKTI SI I  0 0 1) 0  0 0 0 0 0 
BSI UMERK:: SI I  I  0 1) 0  0 0 0 0  0 0 0 
BSI UMER)C3 SI 1 1 0  0 0 0 0 0 1 )  0 0 1) 
BSI UMER)C4 SI !  1 i )  0  1) 0 0 1) 0  0 0 0 
BSI U.MERKTj SI  1 1 1) 0  0 0 0 0 0  0 0 0 
BS1I(V1)C2 SI 1 0 0 0 0 0 0 1 )  0 0 0 
BSI 1(M)C4 SI 1 1 0  0 0 0 0 0 0 0 0 I1 
BSIUM)C6SI I  1 1) 0  0 0 0 1) 0  I)  0 0 
BSI U.MKTS SI I  i  0 0 0 0 0 1) 0  0 0 1) 
BSIU.VDCIOSI i  1 0  0 0 0 0  0 0 0 0 
BSIUFRlCI SI I  i  1) 0  0 0 0 1) 0  0 1) • )  
BS1UFR)C;SI 1 0 0 0 0 0 0 0 0 1) 1) 
BS1I(FR>C3 SI 1 0 0 0 0 0 0 0 0 0 
BS11(FR)C4SI 1 1 0  0 0  0 0 0 0 1) 0  
BSI UFRKTi SI 1 1 0  0 0 1) 1) 0  0 0 0 0 
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Tabled. Continuec 
Entry- DL*osi DQ>03| AL.: DLs; DQs: ALh, DL„, DQh, ALf^ DLfs DQfs AL\,er 
Bsnco 0 0 0 0 0 1) 0 0 0 0 0 0 
BSlIl5-SllCI 0 0 0 0 1) 0 0 0 0 ') 0 0 
BSI lf5-SIC: 0 0 1) 0 0 ') 0 1) 0 0 0 0 
BSII(5-S1)C3 1) 0 0 1) ') 0 0 0 0 I) 0 0 
BS1I(5-S1)C4 0 1) 1) 0 1) 0 0 1) ') 0 0 0 
BSIUIO-SDCI 0 0 0 0 1) 0 1) 1) 0 0 0 0 
Bsiido-sitc; 0 ( )  1) 0 I) 0 0 0 0 I) 0 0 
BS1I(I0-SI)C3 0 0 0 ' )  0 1) 1) 1) • )  0 11 
BSlIi 10-SI iC-i  0 0 1) 1) 0 0 1) 0 1) ') IJ I) 
BSI KSl )CI 0 ') 1) ' )  1) 0 0 0 i) 0 II ') 
BSI usi )c: 1) 0 0 0 0 ') 0 0 I) 0 1) 
BSI USI \C3 0 0 0 1) 1) 0 1) 0 1) 0 0 n 
BS1US1)C-J I) 0 0 0 IJ 0 1) 0 .1 1) 1) I J  
BSI USI )C5 1) IJ 1) ' 1  1) 0 I) 0 0 0 0 1 )  
BSI U30-S1 )Ci T 1 0 l )  0 0 0 0 0 1) 1) 0 
BS1U30-S1)C: 4 s 1) 0 0 0 1) ') 1) 1) 0 0 
BSI U30-SIICJ 6 IS 0 0 0 0 0 13 0 0 1) 0 
BSI U30-51)0 S 1) 0 0 0 1) 0 0 1) 1) 0 
BS1US2IC1 0 1) 0 0 0 0 ') 0 0 
BS1US2>C: O 0 4 4 8 0 0 0 0 0 1) 0 
BSI US2)C3 0 0 b 18 0 0 0 1) I) 1) 0 
BS! US2)C4 0 0 8 8 0 0 0 0 0 0 0 
BSIUHDCI 0 0 1) 0 0 0 0 0 0 
BSI UHiic: 0 0 0 0 0 4 4 8 IJ 0 1) 1) 
BS1UH1)C3 0 0 0 1) 0 6 b 18 1) 1) 0 0 
BSlUHDC-l 0 0 0 l) (J s 8 ; T I I  0 0 I )  
BS1UFS)CI 0 0 0 lo 0 0 0 0 - " y  0 
BsiuFsx:; 0 0 0 Q 0 0 0 1) 4 4 8 0 
BSI UFS)C3 0 0 0 0 0 0 0 b  b 13 0 
BS1UFSIC4 0 0 0 () 0 0 0 0 8 8 XI 1) 
BSI UFSCS 0 0 0 0 0 0 0 0 10 iO 50 0 
BSIUMERKTI 0 0 0 1) 1) 0 0 0 0 1) "* 
BSIUMERC: 1) 0 0 1) 0 0 0 0 0 0 0 4 
BSIUMERK:3 1 )  0 0 0 0 0 0 0 0 0 0 b 
BSIUMERK:4 0 0 0 0 0 0 0 0 0 0 0 s 
BSI UMER)C5 0 0 0 0 0 0 0 1) 0 0 0 10 
BSIUMKT: 0 0 0 0 0 0 0 1) 0 0 0 (J 
BSlUMKT-t (1 0 0 0 0 0 0 0 0 0 0 0 
BSIUMK:6 0 0 0 0 0 0 0 1) 0 0 0 1} 
BS11(M)CS 0 0 0 0 0 0 0 0 0 0 0 0 
BSIUVDCIO 0 0 0 0 0 0 0 0 0 0 0 0 
BSIUFRCI 0 0 0 0 0 0 0 0 0 0 0 0 
BSIUFR)C2 0 0 0 0 0 0 0 0 0 0 0 0 
BS11(FR)C3 0 0 0 0 0 0 0 0 0 0 0 0 
BSIUFR)C4 0 0 0 0 0 0 0 0 0 0 0 1) 
BSU(FR)C5 0 0 0 0 0 0 0 0 0 0 0 0 
BS11(5-SI)CI XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
BSH(5-S1)C2 XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
BSI U5-SUC3 XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
BSI L(5-S!)C4 XBSLL 0 0 0 0 0 0 0 0 0 0 0 0 
BS1U10-S1)C1 XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
BSI UIO-SI)C: XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
BSU(10-SIK:3 XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
BSU(10-S1)C4 XBSll 0 0 0 0 0 0 0 0 0 0 0 0 
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Table CI. Continuec 
Entrv DQ JOS 1 ALs: DL,: DOs: DL„, DQHI ALF, DLfs DOfs •\LMEH 
BSIUSICI XBSll  1) 0 1) 0 ' )  0 1) 0 1) ( )  1) '•) 
BSl KSI »C; \  BSl 1 0 0 1) n 0 'J 0 0 0 1) 0 1) 
BS1I(S1)C3 X BSll  1) 0 0 0 0 1) 0 0 0 Ij 0 ') 
BSl KSI iC4 XBSll  0 1) 0 0 0 0 0 0 ') 1) 0 0 
BS11(S1)C5 XBSll  0 1) ') 1) 0 0 1) 0 0 Ij 0 1) 
BS1U30-S1ICI XBSll  1) 1) 0 0 0 0 0 0 0 1) ( )  
BS1U30-SI)C2 X BSl 1 •> 0 0 II 0 0 0 0 0 0 1) 0 
BSII(30-S!K:3 X BSl 1 0 0 I) 0 11 M 0 0 IJ 1) 
BS1U30-SI)C4 X BSll  4 0 0 1) ll 0 ' )  0 0 0 1) 
BS1I<S;»C1 XBSll  0 0 1 0  0 • )  0 • ) 1) 1) II 
Bsii(s:)c; X BSI i  t1 1) 2 2 0 0 0 0 0 0 0 1) 
BSl US:)C3 X BSl 1 1) 0 :• 3 ( )  0 0 0 0 1) 1) 0 
BSII(S:)C4 XBSll  0 0 4 4 1) 1) 0 'J 1) 1) I) 
BSIUHDCI XBSll  0 ' )  1) 0 1) ; 1 1) 0 1) 0 0 
BSl KHIK": XBSll  1) 1) 0 0 0 2 •> 0 0 0 0 0 
BSl UHiiC3 XBSll  0 0 0 •J 0 3 •; 0 0 0 0 1) 
BSl UHI)C4 XBSll  0 0 0 0 0 4 4 0 0 1) 0 0 
BSIUFSICI XBSll  0 0 1) i) I) 0 0 0 I 1 0 
BSl UFSK: :  XBSll  0 0 lo 1) 0 0 0 0 0 0 
BS1UFSK:3 XBSll  0 0 0 0 0 0 0 0 1) 1) 
BSl 1(FS)C4 XBSll  0 0 0 0 1) 1) 0 1) 4 - I  0 1) 
BSl UFSKTS XBSll  0 1) 0 0 0 0 0 0 •s 0 0 
BSIKMERKTI X BSll  0 0 0 1) 0 0 0 0 0 0 1) I 
BSl 1(MER)C: XBSll  0 0 0 1) 0 0 0 0 0 0 0 
BSII(MER|C3 X BSll  0 1) (J 0 0 0 0 0 0 0 1) 
BSl UMERKT-l  XBSll  0 0 0 1) 0 (5 0 0 0 ( )  0 4 
BSl KMERKTS XBSll  0 0 1) 0 0 0 0 0 0 0 0 < 
BSlUMiC: XBSll  0 0 '0 0 0 0 0 0 0 0 0 0 
BSl l (M)C4 XBSll  0 0 0 0 0 0 0 0 0 0 0 0 
BS11(MC6 X BSl 1 0 0 0 (J 0 0 0 0 0 0 0 0 
BSl KMtCS XBSll  0 0 0 0 0 0 0 0 0 0 0 
BSIKMICIO XBSll  0 0 0 1) 0 0 0 0 0 0 0 0 
BSIUFRKTI XBSll  0 0 0 0 0 0 0 0 0 0 0 
BSl 1(FR)C; XBSll  0 0 0 0 0 0 0 0 0 0 0 0 
BSlUFR)C3 XBSll  0 0 0 0 1) 0 0 0 0 0 0 0 
BSl l(FR)C4 XBSll  0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(FRK:5 XBSll  0 0 0 0 0 0 0 0 0 0 0 
BSlICO SI 0 0 0 0 0 0 0 0 0 0 0 
BSII(5-SI)C1 SI 0 0 0 0 0 0 0 0 0 0 0 1) 
BS11(5-SI|C2SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSII(5-S1|C3 SI 0 0 0 0 0 0 0 0 0 0 0 0 
BS11(5-S1)C4SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSII(10-SI)CI SI  0 0 0 0 0 0 0 0 0 0 0 0 
Bsiui0-si)c:si 0 0 0 0 0 0 0 0 0 0 0 0 
BSII(10-SI)C3 SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSII( I0-SI)C4SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSIKSDCI SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSI1(SI)C2SI 0 0 0 0 0 0 0 0 0 0 0 0 
BS1KSI)C3 SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSI1(SI)C4SI 0 0 0 0 0 0 0 0 0 0 0 0 
BSIKSI)C5Si 0 0 0 0 0 0 0 0 0 0 0 0 
BSI1(30-S1)C1 SI 1 1 0 0 0 0 0 0 0 0 0 0 
BSll(30-SllC2SI T 4 0 0 0 0 0 0 0 0 0 0 
BSIl(30-SI)C3 SI 3 9 0 0 0 0 0 0 0 0 0 0 
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Table C1. Continuec 
Entr> DLwisi DQjosi ALs; DLs: DQs: ALHI DL„. DOHI ALf^ DLps DOfs 
BSI 1(30-S1 iC-l  SI  J 16 0 0 I) 0 I) 0 0 0 I) 
BSlUSllCl SI 0 0 I  ; 0 0 1) 0 0 1) 
BS11(S2)C;S1 0 0 •I 2 J 0 0 0 0 0 0 0 
BSI US2)C3 S! 1) 0 b 9 0 0 0 0 l)  ' )  0 
BS11(S2)C4S1 0 1) S 4 !6 0 0 0 0 0 0 0 
BSI UHIlCl SI 0 0 0 0 '3 2 i  : 0 0 ')  
BSI KHIlC: SI 1) 0  0 0 0 4 4 0 0 ')  
BSII(HI)C3 SI 0 0 0 0 0 I) 0 0 0 > }  
BS11(HI)C4SI 0 1) 0 0 0 s 4 16 0 0 0 ') 
BSIKFSiCI SI 1) 0  0 0 1) 1) 0  ' )  2 0 
BSI l(FS)C2 SI 0 ') I) 0 l )  0  Ij - I  ;  4 I'j  
BSII(FS)C3 SI 0 1) 0 0 ij 'i 0 I) fl 3 0 tj 
BS11(FS)C4 SI 0 1) 0 (1 0 1) 0 0 8 4 16 ' ) 
BS1I(FS)C5 SI 0 0 0 n 1) 0 0 '1 10 5 25 1) 
BSIKMERCI SI 0 0 0 0 1) 0 0 0 0 0 0 -
BSI1(MER)C2S! I) 0 0 1) 0 0 0 0 0 0 0 
BSI1(MER)C3 SI 0 0 0 0 0 0 0 0 0 0 1) 0 
BSI UMER)C4 SI 0 0 0 0 0 1) 0 IJ 1) 0 0 s 
BSII(MER)C5SI 1) 0 0 0 0 0 0 0 0 0 0 10 
BSIUVDC:SI 0 0 0 0 0 0 0 0 0 1) 0 0 
BSIUM)C4S1 1) 1) 0 0 0 15 0 11 0  0 0 0 
BSI 1(M)C6 SI 0 0 Ij 0 0 0 0 0 0 1) 1) 0 
BSI UMIC8 SI 0 0 0 0 0 0 0 1) 0 0 0 0 
BSIKMKTIOSI 1) 0 0 0 0 1) 0 IJ 0 0 0 () 
BSlUFRlCI SI 0 0 0 0 0 0 0 <)  0 0 t) 
BS1I(FR)C:SI 0 0 0 0 0 0 0 1) 0 0 0 0 
BS1UFR>C3 SI 0 0 0 0 ij 1] 0 0 0 0 0 0 
BS1UFR)C4SI 0 0 0 1) Ij 0 0 0 0 0 0 I) 
BSII(FR)C5 SI 0 0 0 0 0 0 0 0 0 0 0 0 
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Table C1. Continuec 
Entn DLMEB DOMER DLFP DQFB 
BSlICO 0 0 1) Tj I) IJ 1) l )  
[3S11(5-SI>C! 0 0 1) ll ! )  ' 1 l) 
BS11I5-S1 pC; 0 ' )  ') '1 •' • )  • )  
BSl l(5-SI )C3 / )  ') 1; » )  l) • >  ') 
BSl I(5-S1 tC'- i  0  ') 'J 'J 1) IJ 1) ') 
BSll i lO-SlKTI I) 0 0 • )  ' )  IJ 1) 1) 
Bsiiiio-siic; 0 0 ' 1 •} '1 0 '1 il 
BSl iiio-si ic:- 1) 1) ' )  ' ( ' 1 'I II II 
Bsiiiio-snc-i 0 0 1) ll 0 1) Ij 
BSlUShC! I) 1) ') 0 •I 
BSIKSIIC; 0 0 •) 0 li l l  II 
BSlKSliC:- <J () '1 it  • )  It •1 'i 
BSIKSllO 0 0 • )  ! )  < }  ' )  l )  • )  
BSl I,SI )C5 0 1) I.I Ij • !  0 '1 
BSl I l30-Sl)C: 0 '•) 1) 11 'j 1) 0 t 
8Sll i30-Sl)C; 0 0 0 I) 1) •J IJ 
BSl 1(30-S1K"; 0 0 0 Ij 0 1) •1 > 
BS11(30-S1)C4 0 0 Ij 1) I) 1) >1 1) 
BS11(S2C1 0 0 0 0 0 0 l)  1) 
BSll(S2iC: 0 0 0 1) '1 0 < )  ') 
BSn(S2C3 0 0 1) IJ 0 0 0 0 
BSl US2)C4 0 0 0 0 0 0 0 I) 
BSlUHItCl 0 0 0 0 0 1) 1) 1) 
BSIKHIC; 0 0 0 1) 1) IJ I) I) 
BSll(HItC3 0 0 0 0 0 0 IJ IJ 
BS1UHI)C4 0 0 0 I) 0 1) IJ Ij 
BSIUFSHTI 0 0 0 IJ 0 0 1) 1) 
BSU(FSiC2 0 0 0 0 0 IJ 0 Ij 
BS11(FS)C3 1) 0 0 •J 0 0 0 1/ 
BSll iFSK"4 0 1) 0 I) 1) I j  1) Ij 
BSi KFS)C5 0 0 0 0 0 0 1) 0 
BSIKMERKT! c 0 1) 0 0 0 IJ 
BSIUMERK": 4 8 0 0 0 0 0 1) 
BS11(MER )C3 b 18 0 0 0 0 0 0 
BSIUMER>C4 s 32 0 0 0 0 0 0 
BS1UMER)C5 10 50 1) 0 0 0 0 0 
BSIKMlC: 1) 0 4 4 s 0 0 IJ 
BS11(M)C4 0 0 8 s o 0 1) 0 
BSI1(M)C6 0 0 12 12 "2 0 0 0 
BSI UM)CS 0 0 16 !6 128 0 0 0 
BSIUMCIO 0 0 20 20 200 0 0 0 
BSU(FR)CI 0 0 0 0 0 -> -
BSIKFRKTZ 0 0 0 0 0 4 4 8 
BSU(FR)C3 0 0 0 0 0 b 6 18 
BSI1(FR)C4 0 0 0 0 0 8 8 ;2 
BSU(FR)C5 0 0 0 0 0 10 10 50 
BSII(5-S1)CI XBSIl 0 0 0 0 0 0 0 0 
BSU(5-SI)C2 XBSIl 0 0 0 0 0 0 0 0 
BSII(5-SI)C3 XBSIl 0 0 0 0 0 0 0 0 
BS11(5-SI)C4 XBSIl 0 0 0 0 0 0 0 0 
BS1I(10-S1)CI XBSIl 0 0 0 0 0 0 0 0 
BSU(I0-S1)C2 XBSIl  0 0 0 0 0 0 0 0 
BSII( I0-SI)C3 XBSIl  0 0 0 () 0 0 0 0 
BSI 1(I0-S1)C4 XBSIl  0 0 0 0 0 0 0 0 
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Table Cl. Continuec 
Entr> DLm f r  DQmer DO 
BSI I iSl  C: \  BSM 0 1) 1) 1)  I'k 1) ' 1  
BSI l lSl  iC: X BSI 1 ') 'J l) •1 • )  f i  
BSIKSltC." XBSn 0 11 0 •) ' )  ') ' 
BSIKSllC-lXBSll  ') < )  ' i '1 • > )  • ) '"i 
BSl l lSl  lC5 X BS! I  0 0 Ij II ') : » 
BS! U30-S1 tCl X BSI 1 0 0 IJ •1 " 0 0 
BSll i30-Sl iC; X BSI I  0 IJ 1) 'J 
BSI U30-S1 |C3 X BSI!  ') ' )  •') •1 '•j " 
BSlU30-Sl)C-iXBSH I ' l  1) 11 '  f  0 0 'j 
BSII iS:iCI XBSIi  ' t  ' 1  'J J ' 1 
BSI i (s:)C; X BSI I  0  t) ; )  •J • 1  
BSII(S2iC3 XBSII  1 )  ' J  '} ' )  ') Ij < )  ij 
BS! 1(S2K:-;  X BSI I  ') ') •) 
BSI I(HI)C! X BSI 1 0 IJ ' )  •) ') 
BSII iHI iC:  XBSII  •) •j ') 0 • )  IJ 
BSI1(HI)C3 XBSII  ') 0 •  1  0  'J 1; 
BSn(HliC4 XBSII  0 1 )  •1 0  ') IJ 
BSU(FS)Ci XBSII  IJ 1) ') 11 0 tj 0 'J 
BSI UFSIC2 XBSII  n  0 ' J  ') ' )  ' )  (.1 n 
BS11(FS)C3 XBSII  n  IJ i  'j 0 0 0 
BSI KFSC-; XBSII  0 0 0  0 ' )  0  1 )  
BSI UFSiC; X BSI 1 1) (J 1 j ' )  0 ') 0 0 
BSII(MER)C1 XBSII  'i 0 If iJ 0 0 < 1  0 
BSI KMERiC; X BSI 1 2 I.I i )  •,) 
BSI I(MER»C3 X BSI 1 ; ') 0 '} ' J  •) l) 
BSI UMERiC-J XBSII  •i  0 •) 0 1) 0 " 
BSI UMERlCf XBSII  5 0 0 ' J  0 * 1 0 1) 
BSI I (M)C2 XBSII  IJ ij - 0 0 0 Ij 
BSI 1(M)C-; XBSII  0 0 • I  -1 i) 0 ') 0 
BSI I (M)C6 XBSII  0 ij t y  n '} 0 <) 0 
BSI I (M)C8 XBSII  IJ Ij s 8 Ij 0 Ij 0 
BSI I(M)CIO XBSII  0 0 iO :o 0 0 0 0 
BSIKFRKTI X BSI I  0 0 0 0 1} 0 
BSI l (FR)C: XBSII  0 0 0 0 0 - 0 
BSII(FRiC3 X BSI I  0 0 0 0 0 3 -• 0 
BSIUFRIC-! XBSII  0 0 0 0 0 - - 0 
BSU(FR)C5 X BSIl  0 0  0 0 5 • )  
BSI ICO SI 0 0  0 0 0 IJ 'J 
BSI1(5-S1)CI SI  0 0 0 ') 0 0 0 IJ 
BSII(5-SI)C:Si 0 0  0  0  0 0 0 IJ 
BSU(5-SI)C3 SI ') 0 0 0 0 0 0 1) 
BSU(5-SI)C4SI 0 0 0 0 1) 0 0 0 
BS11(10-SI)C1 SI 0 0 0 0 0 0 0 0 
BS1I(I0-S!)C2SI 0 a 0 0 0 0 0 0 
BSU(I0-SI)C3 SI 0 0 0 0 0 0 0 0 
BSII(10-S1)C4S1 0 0 0 0 0 0 0 0 
BSIUSDCI SI 0 0 0 0 0 0 0 0 
BS1US1)C2 SI 0 0 0 0 0 0 0 0 
BSII(S1)C3 SI 0 0 0 0 0 0 0 0 
BSll(SI)C-» SI 0 0 0 0 0 0 0 0 
BSIKSIKTS SI 0 0 0 0 0 0 0 0 
BSII(30-SI)C1 SI 0 0 0 () 0 0 0 0 
BSII(30-SI)C2SI 0 0 0 0 0 0 0 0 
BSI1(30-S1)C3SI 0 0 0 0 0 0 0 0 
133 
Tab le C1. Connnuec 
Entr> OLmeb DQMEB ^X)maS5 ALfR DUp 
BSl 1 30-Si iC-:  SI  0 <) ij •) 'J 0 
BSl 1 S2(CI SI 11 0  '*1 
BSIl  SI lCZSI •) 'j '} • >  
BSl 1 S2\c: -  SI  (J  n •; i ;  
BSM S2IC-1S1 0 ') ' )  0 'J 11 
BSl 1 HI iCI St ') I )  ' )  ') 0 'f • ]  ' 
BSl 1 Hic; SI 0 i( 0 •J 0 • 
BSl I  HliCJ SI i)  l_.  'J • )  
BSl 1 HI iC-l  SI  0 i)  . }  ') ') 
BSl 1 FStCI SI '•) U •'} 'J • )  
BSIl  FSic: SI ') 0 0 '}  •) 
BSl 1 FSiC3 SI 0 ("J 0 0 0 ' 
BSl I  FSiC-J SI  ') (} 'J IJ ij 'J 'J 
BSl I  FSiCi SI 1) ("1 I) • )  ( )  'J 0 
BSIl  MERKTl SI ' )  0 '} tj 1 
BSl I  MERiC: SI z 0 0 'J 'J 0  
BSIl  MER)C3 SI 3 ' )  0 •) ' •1 u 
BSl 1 MERIC-: SI  -1 ;6 0 i )  'J 
BSll  MERiC5 SI 5 0 i )  'J 
BSl I  M)C2 SI - 2 -i 0 0 
BSl 1 MKTJSl 0 16 C\ l i  
BSIl  M)C6 SI () 36 ') 0 
BSIl  MKTS Si 0 '} :6 8 f>4 0 >) 0 
BSll  MKTIO SI '> u :o 10 :oo 'J 'j 
BSl I FR)C1 Si 0 0 IJ 0 1) t 
BSll FRIC; SI 0 0 0 0 - - -
BSll FR)C3 Si 0 0 0 0 'J 0 3 g 
BSIl FR)C4S! 0 0 0 0 0 s - 6 
BSIl FRlCi SI 0 0 ( )  0 :o 5 25 
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